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The  Surgery  of  the  Brain 


INTRODUCTION 

The  combined  efforts  of  anatomists,  physiologists 
and  neurologists  have  made  possible  the  rapid  ad- 
vances in  brain  surgery.  More  accurate  diagnoses 
have  justified  invasion  of  a  heretofore  unexplored 
domain,  one  which  until  twenty  years  ago  was  re- 
garded as  inaccessible  to  operative  technique.  How- 
ever, it  is  proper  to  state  that  the  possibilities  in  this 
direction  have  not  yet  been  exhausted.  While  within 
recent  years  E.  v.  Bergmann,  the  German  pioneer  in 
brain  surgery,  led  the  way,  invading  the  most  impor- 
tant field,  that  of  removal  of  neoplasms  from  the 
motor  areas,  we  consider  at  present  all  portions  of 
the  cerebrum  and  cerebellum,  the  surfaces  of  which 
are  susceptible  of  exposure  as  subject  to  legitimate 
operative  attack.  Per  contra  it  is  to  be  noted  that 
tumors  of  the  basal  ganglia  and  medulla  oblongata 
are  still  regarded  as  inaccessible  to  surgical  manipu- 
lations. 

In  submitting  herein  my  experiences  in  the  sur- 
gery of  the  central  nervous  system  I  do  not  attempt 
to  offer  a  text-book.  Indeed,  it  would  ill  befit  my 
office  as  a  surgeon  to  invade  a  domain  so  manifestly 
that  of  the  internist  and  neurologist.  I  endeavor, 
therefore,  only  to  present  numerous  illustrations  from 
nature  which  are  destined  to  constitute  an  accurate 
picture  of  the  status  of  the  surgery  of  the  brain  and 
spinal  cord  as  it  stands  at  this  writing,  together  with 
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detailed  clinical  histories  of  cases  and  abstracts  of 
my  theme  from  the  view-point  of  the  clinician. 

In  order  to  obviate  the  disadvantages  of  this  devia- 
tion from  usual  custom,  I  have  divided  the  subject 
matter  into  chapters  and  subdivisions  and  added  an 
exhaustive  alphabetical  register.  A  thorough  peru- 
sal of  the  latter  is  recommended. 

Our  discussion  begins  with  that  of  the  useful 
methods  of 

Trephining 

Approach  to  the  brain  is  obtained  by  means  of 
solution  of  continuity  of  the  skull.  The  operation 
of  trephining  is  one  of  the  oldest  measures  known 
to  surgery,  and  originates  from  prehistoric  times.  A 
study  of  the  specimens  in  the  Berlin  ethnographic 
museum  shows  that  the  uncivilized  races  employed 
the  measure,  and  though  the  technique  must  have 
been  faulty  enough,  the  outcome  of  cumbersome 
armamentarium,  it  is  evident  that  favorable  results 
were  not  uncommon. 

Judging  from  the  deposit  of  new  bone  surrounding 
the  trephine  opening  it  is  fair  to  assume  that  a  num- 
ber of  cases  survived  for  a  considerable  period  of 
time  the  operation.  It  is,  of  course,  impossible  to 
state  what  percentage  of  recoveries  occurred.  Still, 
the  operation  of  trephining  was  until  the  middle  of 
the  last  century  regarded  as  extremely  dangerous. 
Dieffenbach,  in  his  classic  wbrk,  "Operative  Sur- 
gery,"' states:  "For  many  years  I  have  feared  more 
the  operation  of  trephining  than  the  outcome  of  cases 

'Dieffenbach,  Leipzig,  1848,  II,  p.  17. 
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of  head  injuries  which  have  come  under  my  obser- 
vation.    Indeed,  I  have  regarded  the  operation  as  a 
certain  method  of  killing  my  patient."     In  these  cases 
the  problem  was  restricted  to  lesions  of  traumatic 
origin  which  had  left  visible  signs,  leaving  no  doubt 
as  to  the  location  to  be  attacked.     Brain  surgery  of 
to-day  presents,  however,  the  problem  of  recognizing 
lesions   by    methods    of    localization    by    symptoms, 
based  on  a  knowledge  of  cerebral  localization  and 
involves   opening   of   the   unaltered    skull,    displace- 
ment of  the  dura  and  invasion  of  the  brain  sub- 
stance in  search  of  diseased  areas. 

The  advent  of  asepsis,  as  in  all  operative  endeavor, 
marked  an  epoch  in  the  surgery  of  the  brain.     In- 
deed, as  the  result  of  its  employment,  Richard  Volk- 
mann  through  Leser  reported  twenty-three  years  ago, 
thirty-six  cases  of  trephining  for  injury  to  the  skull 
without   a   death   traceable   to   the   operation   itself. 
The  aseptic  method  of  wound  treatment  engenders 
to-day  a  degree  of  security  which  enables  the  opera- 
tor to  regard  trephining 'as  quite  devoid  of  danger. 
One  menace,  however,  remains,  i.  e.,  when  the  extent 
of  bone  trauma  is  great  such   as  obtains  in   wide 
craniectomy,  death  is  likely  to  occur  from  collapse 
and  severe  hemorrhage  from  the  diploe. 

The  classic  instrument,  the  trephine,  so  long  em- 
ployed for  the  purpose  of  opening  the  skull,  has 
gradually  fallen  into  disuse,  except  in  those  instances 
where  it  is  certain  that  only  a  restricted  area  of 
brain  tissue  need  be  exposed  for  the  intended  pur- 
pose, as  for  instance,  for  drainage  of  the  lateral 
ventricle  in  hydrocephalus  internus  or  for  the  pur- 
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of  injecting  the  antitetanus  serum.  However, 
for  these  purposes  \ve  have  now  the  Doyen  burr, 
which  meets  quite  perfectly  the  indications.  As 
there  are  four  si/es  of  this  instrument  obtainable  it 
is  feasible  to  make  the  opening  of  the  desired  size 
and  thus  avoid  unnecessary  trauma  to  the  dura. 

The  trephine  crown  makes  but  a  meager  opening 
and  permits  only  of  restricted  inspection  of  the  brain 
surface,  making  it  necessary  to  remove  several  con- 
tiguous areas  of  skull  in  order  to  obtain  sufficient 
space  for  trustworthy  inspection  and  to  gain  suffi- 
cient exposure  for  the  application  of  measures  of 
relief.  Again,  the  button  of  bone  removed  by  the 
trephine  is  sacrificed  while,  when  large  bone  flaps 
are  employed,  they  may  be,  and  in  the  writer's 
opinion  should  be,  replaced. 

The  osteoplastic  method  was  first  employed 
on  the  human  being  by  Wa^reer-Koenigshuette, 
after  the  measure  had  been  shown  to  be  feasible  on 
the  lower  animal  by  J.  Wolff. 

Nourishment  of  the  soft  parts  of  the  osteoplastic 
flap  is  obtained  through  the  wide  base  of  the  flap, 
which  in  the  majority  of  instances  should  be  directed 
toward  the  base  of  the  skull.  The  lines  of  incision 
are  shown  in  the  illustrations  (Fig.  2,  page  11,  and 
Fig.  10,  page  20)  and  on  the  various  plates.  The 
osteoplastic  method  is  employed  by  the  writer  in  the 
vast  majority  of  cases,  the  exceptions  being  few  and 
are  made  the  subject  of  special  mention  in  the  text. 
The  method  permits  of  application  together  with  the 
various  other  procedures  which  have  been  ex- 
ploited within  the  last  few  years. 
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Quite  recently  the  chisel  and  hammer  method  was 
still  in  vogue.  Indeed,  with  these  simple  instru- 
ments flaps  are  readily  fashioned  to  suit  the  taste  of 
the  operator  and  meet  the  indications  of  the  surgical 
problem.  However,  the  cutting  of  the  groove  must 
be  executed  with  great  care,  consumes  much  time, 
and  is  attended  with  considerable  loss  of  blood  from 
the  diploe.  I  do  not  use  the  chisel  because  I  have 
better  instruments  at  my  disposition,  but  in  the  event 
of  necessity,  in  case  no  other  trephining  instruments 
are  available,  I  regard  the  chisel  and  hammer  as 
exceedingly  useful  agents,  and  employ  them  under 
these  conditions  with  reasonable  assurance  of  favor- 
able outcome. 

In  chiseling  the  cranium  the  impact  from 'the 
hammer  should  not  be  imparted  vertically  but  tan- 
gent to  the  skull,  in  order  to  obviate  as  much  as  pos- 
sible the  inevitable  concussion  conveyed  to  the  brain, 
an  objectionable  factor  which  should  be  eliminated 
from  the  technique  of  brain  surgery. 

Before  entering  into  a  discussion  of  trephining  a 
few  remarks  are  prefaced  regarding 

Temporary  Control  of  Hemorrhage, 

as  in  extensive  opening  of  the  skull  the  loss  of  blood 
from  the  scalp  is  an  important  matter  and  may  have 
a  determining  influence  upon  the  outcome  of  the 
operation.  The  application  of  a  rubber  band  or 
rubber  tube  to  the  base  of  the  skull  does  not  offer 
sufficient  security  in  this  connection,  and  indeed  may 
increase  venous  hemorrhage.  Somewhat  more  satis- 
factory is  the  application  of  a  pneumatic  tourni- 


Tin:  STIUJKHV  or  THE  BRAIN 

to  the  base  of  the  skull  as  its  .listention  makes 
most  complete  compression. 

The  writer  prefers  to  make  compression  in  the 
immediate  vicinity  of  the  trephine  opening,  and  for 
the  purpose  regards  the  methods  of  von  Haulenhain 
and  KrnM  as  meeting  more  certainly  the  indications. 

The  former3  introduces  to  either  side  of  the  con- 
templated lines  of  incision  a  continuous  suture 
(backstitch)  which  he  draws  very  tight.  These 
sutures  are  allowed  to  remain  in  situ  for  eight  to 
ten  days  after  the  operation,  and  are  removed  simul- 
taneously with  the  approximation  sutures  employed 
for  holding  the  edges  of  the  wound  in  apposition. 
The  sutures  are  introduced  with  a  medium-sized 
half-curved  needle,  and  the  needle  is  caused  to  come 
in  contact  with  the  largest  possible  area  of  bone. 

I  apply  the  suture  around  the  area  of  proposed 
operation,  only  on  one  side  (the  outer),  and  include 
the  base  of  the  flap.  (See  Plate,  observation  1.  4.) 
After  completion  of  the  operation  I  make  replace- 
ment of  the  flap  and  accurate  apposition  of  the 
edges  of  the  wound  with  suture  of  the  scalp,  aponeu- 
rosis  and  periosteum.  I  remove  the  compression 
sutures  before  applying  the  protective  dressing. 

Secondary  hemorrhage  has  never  occurred,  al- 
though be  it  said  that  all  blood-vessels  are  care- 
fully ligatured  and  the  wound  carefully  compressed 
for  a  considerable  time  after  the  approximation 
sutures  are  introduced.  The  only  disadvantage  ob- 
served from  this  method  was  in  a  single  case  in 

1  llan-ey  dishing.  Pneumatic  Tourniquets,  etc.,  Tlie  Medical  News,  March 
26th,  1904. 

'-  Zentralblati  fur  Chirurgie,  1904,  p.  249. 
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which  oedema  of  the  scalp  occurred  two  days  after 
an  operation,  involving  opening  of  the  central  fossa 
of  the  skull.  The  swelling  extended  to  the  eyelids 
and  cheek  but  subsided  spontaneously  at  the  end  of 
forty-eight  hours,  v.  Hacker  executes  the  hemo- 
static  suturing  in  much  the  same  manner  as  the 
writer  but  uses  overlapping  button  sutures  which 
extend  over  a  portion  of  the  base  of  the  flap. 

Haidenhain's  hemostatic  suture  is  applicable  to 
all  portions  of  the  skull  where  there  is  not  much  mus- 
cular tissue,  such  as  near  the  neck.  At  this  point  it 
is  rarely  effectual,  though  a  lessening  of  hemorrhage 
is  accomplished  by  its  employment.  It  will  be  found 
necessary  to  deligate  several  spurting  vessels.  With 
this  exception  I  have  had  satisfactory  results  even  in 
operations  exposing  the  cerebellum  provided  the 
sutures  are  deeply  introduced  and  firmly  tied.  The 
original  Haidenhain  suture,  which  comprises  stitches 
on  either  side  of  the  contemplated  lines  of  incision, 
does  not  leave  sufficient  room  for  the  manipulations 
necessary  to  exposure  of  the  cerebellum. 

Another  valuable  method  of  control  of  hemor- 
rhage is  that  of  Kredel,'  described  as  follows:  Im- 
mediately contiguous  to  and  distal  from  the  con- 
templated lines  of  incision,  a  heavy  silk  suture  is 
introduced  with  a  large,  flat  or  slightly  curved  needle. 
The  needle  penetrates  the  scalp  and  is  caused  to 
slide  along  the  bone  for  a  distance  of  from  5  to  7  cm., 
when  it  is  made  to  emerge.  The  distance  traversed 
is,  of  course,  modified  in  accord  with  the  size  of  the 
contemplated  flap  formation.  If  the  flap  is  to  be  a 

'  ZentraMatt  fur  Chirurgie,  1906,  p.  1137. 
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large  one  it  will  be  found  expedient  to  emerge  the 
needle  at  half  the  distance  and  reenter  it  somewhat 
backward  from  the  place  of  exit.  The  silk  ligature 
is  now  firmly  ticnl  over  a  curved  metal  plate.  It  is 
wise  to  make  the  points  of  entrance  and  exit  slightly 
nearer  each  other  than  the  length  of  the  metal  plate 
so  as  to  be  able  to  make  firmer  tension  on  the  scalp. 
This  procedure  is  repeated  upon  all  sides  of  the  oper- 
ation field,  effectually  walling  off  the  area  and  con- 
trolling quite  thoroughly  the  bleeding. 

The  curved  metal  plates  (Fig.  1)  measure  1  cm. 
in  width,  and  |  cm.  in  thickness.  The  length  is 
modified  to  suit  the  dimensions  of  the  area  to  be 
denuded.  The  lengths  most  commonly  found  use- 
ful are  the  5  cm.  and  7  cm.  sizes.  To  assure  close 
apposition  to  the  scalp  the  plate  should  be  slightly 
bent,  the  extent  of  the  bend  being  controlled  by  the 
situation  in  which  they  are  to  be  applied.  It  is  also 
feasible  to  curve  the  plates  to  conform  to  the  inci- 
sions ;  however,  too  great  a  modification  of  outline  in 
this  respect  interferes  with  the  tension  of  the  suture, 
as  the  latter  has  a  tendency  to  exaggerate  the  bowing 
of  the  appliance.  This  may  be  overcome  by  encir- 
cling the  plate  together  with  the  tension  suture  with 
a  stitch  encompassing  the  scalp  which  attaches 
firmly  the  appliance.  Nicolai,  an 
instrument  maker  in  Hanover, 
Fig.  i  makes  the  plates  with  a  central 

Kredel  Metal  Plate  perforation  which  permits  of  more 
certain  fixation  as  the  encircling  suture  is  liable 
to  slip,  an  occurrence  which  is  obviated  by  pass- 
ing the  suture  through  the  opening. 


Ylttl.Ci. 
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In  order  to  possess  plates  which  are  applicable  to 
all  situations  on  the  skull,  I  have  had  the  appliance 
constructed  of  pliable  tin.  I  surround  the  entire 
operation  field  in  the  form  of  a  quadrant  with  four 


Prae- 

central 
Tissue 


Incision 


Fiff.  2 

Application  of  the  Kredel  Plates  (Observation  III,  4) 
Neisxer's  Puncture  Points.      XD  1  Leg  Center,  2  Arm  Center 

long  plates  (Fig.  2),  and  in  order  to  control  the  cir- 
culation at  the  corners  I  introduce  small  tension 
sutures  or  employ  the  short  metal  plates  suggested 
by  Kredel,  as  of  use  during  removal  of  cavernous 
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angiomas.  These  plates  are  from  2  cm.  to  3  cm.  in 
length. 

The  effectiveness  of  the  Kredel  plates  varies;  it  is 
certain,  however,  that  they  are  of  great  service  in 
operations  upon  the  skull  in  situations  .where  there 
is  not  much  muscular  tissue.  At  times,  even  under 
these  circumstances,  the  method  will  be  found 
effective.  In  one  of  my  cases  of  epilepsy  the  head 
presented  a  condition  of  marked  cyanosis  which  ordi- 
narily would  have  caused  considerable  hemorrhage 
from  the  wound ;  however,  the  application  of  the 
metal  plates  controlled  very  effectually  the  bleeding. 
The  bleeding  from  the  scalp  was  practically  nil, 
and  that  from  the  bone  very  slight. 

I  have  employed  the  measure  unaer  exceedingly 
unfavorable  conditions.  In  a  case  of  abscess  of  the 
frontal  lobe  I  made  a  quadrilateral  osteoplastic  flap, 
the  base  of  which  was  directed  toward  the  left  side 
of  the  forehead.  The  plates  were  applied  above 
and  to  either  side  of  the  area.  The  lower  side  was 
not  included,  as  there  was  not  room  enough  above 
the  eyebrow.  Although  the  control  of  hemorrhage 
was  not  complete,  it  being  necessary  to  deligate 
three  spurting  arteries,  one  of  which  was  at  the 
median  side,  it  was  evident  that  the  procedure  was 
considerably  aided  by  employment  of  the  measure. 

In  operating  on  the  forehead  I  prefer  the  Kredel 
method  for  the  reason  that  scarring  is  less  than  with 
the  Haidenhain  measure.  In  the  case  of  a  young 
lady,  where  I  removed  a  traumatic  cortical  brain 
cyst,  this  was  an  important  consideration.  The  skin- 
bone  flap  was  so  fashioned  as  to  direct  its  base  to  the 
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frontal  eminence.  The  patient  ultimately  recovered 
with  two  barely  perceptible  linear  scars,  which  were 
easily  concealed  beneath  the  hair. 

I  also  employ  the  measure  in  extirpating  the  gan- 
glion of  Gasser  and  in  exposure  of  the  middle  fossa 
of  the  skull  for  extirpation  of  tumors,  applying  a 
plate  above  and  to  either  side.  Control  of  the  lower 
side  is  achieved  by  the  introduction  of  the  Haiden- 
liaiti  suture  in  a  transverse  direction  immediately 
below  the  zygoma.  In  eight  cases  of  extirpation  of 
the  ganglion  the  hemorrhage  from  the  soft  parts  was 
exceedingly  moderate  after  ligature  in  contiguity  of  a 
few  small  blood-vessels,  and  the  bleeding  from  the 
bone  very  slight. 

However,  in  a  case  of  a  man  of  53,  the  measure 
failed  entirely,  and  the  bleeding  was  as  severe  as 
though  the  precautionary  measure  had  not  been  em- 
ployed. This  may  have  been  the  result  of  uneven 
bone  surfaces,  upon  which,  of  course,  the  plates  are 
ineffective  for  obvious  reasons.  For  this  reason  I 
like  to  employ  a  combination  of  the  Kredel  and 
Haidenhain  methods,  as  the  latter  is  susceptible  of 
universal  application  and  does  not  interfere  with  the 
breaking  out  of  the  bone  flap. 

I  have  had  similar  experiences  in  exposing  the 
cerebellum.  In  this  situation  the  Kredel  method  will 
rarely  be  found  to  control  completely  the  bleeding. 
Of  course,  oozing  from  the  divided  muscles  of  the 
neck  is  controlled,  but  arteries,  especially  the  occipi- 
tal, will  bleed  quite  actively.  The  latter  contingency 
may  at  times  be  obviated  by  the  introduction  of  a 
tension  suture  at  the  posterior  edge  of  the  sterno- 
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mastoid    muscle    close    to     its     insertion    into    the 
skull. 

Formation  of  the  Bone  Flap 

After  the  execution  of  one  of  the  methods  of  con- 
trol of  bleeding  described  above,  the  soft  parts  are 
incised  and  the  knife  carried  to  the  bone  at  once. 
The  periosteum  is  loosened  on  the  flap  side  of  the 
incision  with  a  raspatorium.  Irrespective  of  what 
means  of  opening  the  skull  is  employed,  the  next 
step  of  the  procedure  is  to  make  several  drill  open- 
ings which  go  down  to  the  dura.  For  this  purpose 
the  instruments  of  Doyen  are  universally  employed. 
The  drill  shown  in  Fig.  3  is  attached  to  the  so-called 
trephine  brace,  and  a  hole  is  drilled  through  the  skull 
to  the  dura,  which  is  then  enlarged  with  the  Doyen 
spherical  burr  (10-13  mm.  in  diameter,  Fig.  4).  As 
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Fig.  3  Fig.  4 

Nat.  Size  Doyen  Drill  Nat.  Size  Doyen  Burrs 

the  burr  is  dull  at  its  distal  end  injury  to  the  dura  is 
avoided. 

When  fashioning  a  right-angled  flap  I  am  accus- 
tomed to  make  a  drill  opening  at  each  of  the  corners, 
i.  e.,  four  openings;  w7hen  making  oblong  flaps,  as 
in  exposure  of  the  middle  lobe,  six  openings;  and 
when  small  flaps  are  employed,  only  two  openings 
are  made;  also  only  two  openings  are  employed  in 
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situations  where  the  contemplated  base  of  the  bone 
flap  comprises  thin  bone,  as  the  bone  is  readily  sec- 
tioned under  these  circumstances,  such  as  the  tem- 
poral region  and  in  exposure  of  the  cerebellum.  In 
these  instances  the  base  of  the  flap  is  directed  down- 
ward. Neither  the  drilling  nor  the  division  of  the 
bone  requires  an  electric  motor.  The  bone  is  effectu- 
ally sectioned  with  a 

Dahlgren  Forceps 

In  order  not  to  inflict  injury  upon  the  dura  it  must 
be  separated  from  the  lamina  vitra  between  the 
drill  holes.  For  this  purpose  I  employ  the  Braatz 
sound  (Fig.  5),  which  comes  in  three  degrees  of  cur- 
vature. With  this 
instrument  the  dura 
is  separated,  together 
with  sinus  walls,  so  Flg-  5 

.1         .,       i  . .  Rigid  Braatz  Sound 

that  the  bone  section 

can  be  made  with  ease  and  deliberation.  I  have  fre- 
quently thus  been  able  to  section  the  bone  across  the 
transverse,  sigmoid  and  confluent  sinuses  without 
injury  to  their  walls.  Manipulations  about  the  longi- 
tudinal sinus  call  for  the  exercise  of  special  care. 

The  separation  is  ac- 
complished by  gentle 
pressure  upon  the  dura 
and  brain.  The  pres- 
sure is  exercised  upon 

a  small  area  of  dura  at  a  time,  and  only  in  the 
immediate  vicinity  of  the  burr  openings.  Should  the 
rigid  Braatz  sound  (Fig.  6)  be  used,  as  advance  is 


Fig- 6 

Elastic  Braatz  Sound 
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made  the  pliable  sound  should  be  employed  for 
farther  separation  of  the  dura.  In  a  large  number  of 
observations  I  have  never  seen  unfavorable  brain 
compression  arise  as  the  outcome  of  this  method  of 
action.  The  necessity  for  preliminary  separation  of 
the  dura  mater  from  the  inner  skull  surface  is  the 
only  disadvantage  in  the  use  of  the  Dahlgren  forceps. 
If  the  bone  is  hard  and  thick  the  prolongation 
affixed  to  the  cutting  forceps  (Fig.  7)  is  a  valuable 
aid.  The  cutting  surface  of  the  forceps  is  firmly 
pressed  against  the  bone  with  the  left  hand  upon  the 
lever,  and  the  bone  is  divided  with  the  pressure  of 
the  right  hand.  In  cases  where  the  bone  is  inordi- 
nately thick  it  may  be  necessary  for  an  assistant  to 
make  pressure  upon  the  lever,  and  the  operator  use 
both  hands  to  divide  the  bone;  this  contingency, 
however,  is  extremely  rare.  In  any  event  the 
Dahlgren  forceps  has  sufficed  for  my  work  during 
the  last  ten  years,  and  only  in  one  instance,  in  which 
the  skull  was  22  mm.  in  thickness,  was  it  necessary 
to  chisel  out  a  shallow  furrow  before  dividing  the 
bone  with  the  forceps.  During  this  time  the  instru- 
ment broke  only  once  and,  indeed,  this  occurred  in 
the  first  instance  I  employed  it.  A  fact  which  was  a 
serious  disappointment  to  me.  I  place  this  method 
first  in  describing  the  operation  because  it  is,  indeed, 
a  very  good  one,  is  simple,  may  be  used  upon  all  por- 
tions of  the  skull,  and  does  not  require  electric  motor 
apparatus.  Of  course,  its  usefulness  depends  some- 
what upon  the  technique  of  employment.  In  any 
event  the  writer  is  able  to  work  very  rapidly  with  the 
Dahlgren  forceps.  In  addition,  it  is  easily  sterilized, 
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a  valuable  quality  in  a  field  where  only  boiled  appa- 
ratus should  be  employed,  and  takes  up  very  little 
room.  In  this  connection  I  have  a  strong  objection 
to  the  presence  of  the  electrically  driven  reach-rod, 
despite  the  fact  that  it  is  encased  in  a  sterile  pro- 
tector. For  this  reason  I  have  had  my  raspatorium 
and  other  instruments  made  as  short  as  possible  so 


Fig.  7 

Dahlgren  Cutting  Forceps 
Krause  Model 


'/3  nat.Gr 

Fig.  8 

Doyen  Chisel 


that  the  handles  are  enclosed  by  the  hand  to  avoid 
extrinsic  contact,  which  is  likely  to  occur  with  the 
longer  instruments. 

Another  advantage  possessed  by  the  Dahlgren  for- 
ceps worthy  of  mention,  and  one  not  to  be  underesti- 
mated, is  the  fact  that  it  is  applicable  to  all  thick- 
nesses of  cranium,  a  desirable  quality  when  it  is  borne 
in  mind  how  great  the  variations  in  this  regard  are 
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even  in  restricted  areas  of  the  skull.  Again,  the  in- 
stniiiuMit  will  section  the  cranium  in  either  a  straight 
or  curved  direction. 

After  the  hone  flap  is  sectioned  it  is  lifted  with 
wide  levers,  which  are  carefully  inserted  beneath  the 
lamina  vitra,  seized  with  the  Langenbeck  forceps 
and  turned  down  by  fracturing  it  at  its  base.  If  the 
cranium  is  very  thick  or  the  base  of  the  flap  wide  it 
is  necessary  to  nick  the  contiguous  drill  holes  with 
the  chisel.  Before  doing  this,  however,  the  dura 
must  be  separated  in  this  situation  with  the  Braatz 
sounds  in  the  same  manner  as  described  above. 
The  nicking  is  best  accomplished  with  the  Doyen 
chisel  (Fig.  8),  which  has  a  blunt  probe  pointed  pro- 
jection, rendering  less  likely  injury  to  the  dura.  In 
this  step  of  the  operation,  provided  there  be  no 
severe  hemorrhage  from  the  meningeal  arteries  or 
veins  of  the  dura,  the  Gigli  wire  saw  is  serviceable. 
In  prying  up  a  large  bone  flap  it  will  be  found  that 
because  of  its  elasticity  the  basal  fracture  is  not 
readily  produced.  There  is  now,  however,  sufficient 
room  to  insert  the  Gigli  saw,  and  slide  it  to  the  base 
of  the  flap.  The  levers  lift  the  flap  from  the  dura 
and  protect  it  from  injury  while  the  base  is  divided 
from  within  outward  by  the  saw.  I  have  rarely 
found  this  step  necessary.  Indeed,  I  advise  strongly 
against  the  use  of  the  Gigli  wire  saw  in  opening  the 
cranium.  For  in  order  to  employ  the  wire  it  is  nec- 
essary to  place  between  the  bone  and  the  dura,  from 
one  drill  opening  to  another,  the  Braatz  sound,  or 
similar  instrument,  to  protect  the  latter  from  injury 
while  sectioning  the  bone.  This  protection  is  abso- 
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lutely  essential,  and  is,  as  already  stated,  objection- 
able, for  the  presence  of  the  sound  or,  as  is  preferred 
by  some  surgeons,  the  introduction  of  a  clock  spring 
causes  undue  pressure  on  the  brain  substance,  which 
may  be  regarded  as  dangerous.  The  pressure  may 
be  minimized  by  making  a  number  of  drill  openings 
at  a  distance  of  2  cm.  from  each  other;  this,  however, 
prolongs  markedly  the  operation,  an  important  con- 
sideration in  trephining  large  areas.  In  these  cases 
it  i.s  a  fundamental  principle  to  subject  the  dura  and 
underlying  brain  to  as  little  pressure  as  is  possible. 
For  this  reason  the  gouge  forceps,  which  are  used  to 
enlarge  the  opening  in  the  bone,  should  accomplish 
the  bending  and  breaking  of  bone  fragments  in  an 
outward  direction. 

\Vhen  the  bone  flap  is  turned  down  the  periosteum 
is  loosened  from  the  edge  of  the  opening  for  a  dis- 
tance of  1  cm.  to  facilitate  its 
complete  displacement.  The 
incisions  necessary  to  accom- 
plish this  should  divert  from 
the  edge  of  the  opening  so  as 
to  give  as  wide  as  possible  an 
avenue  for  the  entrance  of  the 
circulating  fluid.  The  loosen- 
ing of  the  periosteum  as  de- 
scribed prevents  the  portion  of 
periosteum  covering  the  flap 
from  being  dislodged,  which 
is  exceedingly  desirable,  as 
the  less  disturbance  of  nutrition  the  flap  is  sub- 
jected to,  the  better.  This  contingency  is  prevented 


Fig.  9 

Krause  Claw  Forceps 
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by  the  ;i])]»lication  to  the  bone  flap  of  claw  forceps 
(Fig.  9)  in  the  middle  and  one  at  either  side   of    its 


Fig.  10. 
Application  of  the  Claw  Forceps 

base  (Fig.  10),  the  latter  being  somewhat  shorter  than 
the  former.  This  effectually  prevents  disturbance 
of  the  layers  of  the  flap  during  the  operation. 
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It  is,  however,  not  necessary  to  always  direct  the 
base  of  the  flap  downward.  It  will  be  seen  by  the 
illustration,  and  in  the  clinical  histories,  that  for 
special  reasons  I  have  fashioned  the  base  of  the  flap 
in  various  situations,  including  that  of  the  sagittal 
suture,  without  causing  any  disturbance  for  this 
reason. 

In  many  hospitals  the 

Electrically  Driven  Trephine  Instruments 

are  largely  employed.  Doyen  uses  a  circular  saw 
protecting  the  dura  from  injury  by  means  of  a  pro- 
jecting shoe.  He  has  applied  the  method  to  hemi- 
craniectomy,  denuding  an  entire  cerebral  hemis- 
phere. The  basal  attachment  of  the  flap  is  fashioned 
at  the  temporal  region.  This  operation  involves  tre- 
mendous mutilation,  one  which  can  be  but  rarely 
justified.  I  have  never  seen  a  case  of  this  sort.  E. 
r.  Benjinann  used  for  the  purpose  a  circular  saw 
driven  by  an  electric  motor.  In  earlier  years  I,  too, 
used  this  method  very  frequently,  employing,  how- 
ever, a  circular  saw  with  an  extended  axle  which  per- 
mitted me  to  use  both  hands,  so  that  I  was  able  to 
hold  the  instrument  very  steadily  despite  the  concus- 
sion transmitted  from  the  motor.  The  circular  saw 
must  be  very  wide  so  as  to  enable  the  operator  to 
scrutinize  the  groove  in  the  bone  as  the  saw  is  manip- 
ulated. It  is  my  experience  that  the  hemorrhage 
from  bone  and  diploe  is  much  more  severe  when  the 
circular  saw  is  used  than  obtains  as  the  result  of  em- 
ployment of  the  Dahlgren  cutting  forceps.  This  is 
no  doubt  due  to  the  fact  that  the  latter  crushes  the 
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lamina  externa  and  vitrea,  which  acts  as  a  hema- 
static.  The  great  objection  to  the  use  of  the  circular 
saw  is  the  likelihood  of  injuring  the  dura.  In  this 
regard  the  Sudeck  spinal  osteotome  is  much  to  be  pre- 
ferred, with  which  the  sections  are  made,  as  the  out- 
come of  rapid  rotations  conveyed  by  the  electric 
motor  making  rapid  division  of  the  bone  feasible 
without  danger  of  injury  to  the  dura. 

To  obviate  the  objections  to  the  circular  saw 
M.  Borchardt'  submits  a  cylindrical  burr  (Plow  burr) 
which  is  constructed  to  cut  furrows  in  the  bone  of 
various  depths,  the  latter  being  determined  by  the 
exploratory  drill  openings.  The  lamina  externa  and 
diploe  only  are  divided.  The  instrument  digs  a 
groove  from  one  drill  hole  to  the  other  after  the 
manner  of  a  plow.  The  hemorrhage  is  slight,  and 
as  the  instrument  is  pushed  away  from  the  operator 
the  latter  is  not  spattered  with  blood,  as  is  the  case 
when  the  circular  saw  is  employed.  The  lamina 
vitra  is  ultimately  divided  with  the  chisel,  or  the 
Sudeck  spiral  osteotome  may  be  used  for  the  purpose. 

Bleeding  from  the  Emissaries  and   Diploe 

The  emissaries  are  the  venous  connections  be- 
tween the  intracranial  veins  and  the  scalp. 

In  separating  the  periosteum  from  the  bone  it  is 
possible  to  provoke  sufficient  bleeding  from  the 
emissaries  to  endanger  life.  This  is  most  commonly 
observed  in  exposure  of  the  posterior  cranial  foss'a, 
and  in  the  region  of  the  mastoid  process  and  the 
transverse  sinus.  More  rarely  does  this  obtain  in 

1  Zenlralblatt  fur  Chirurgie,  1906,  p.  1031. 
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areas  situated  over  the  convex  surface  of  the  cra- 
nium, though  its  occurrence  is  most  likely  in  the 
region  of  the  longitudinal  sinus.  From  these  open- 
ings, at  times  of  the  diameter  of  a  goose  quill,  venous 
oozing  occurs  quite  menacingly,  or  at  times  a  brief 
spurt  occurs  which  soon  subsides  into  a  steady  flow. 
The  venous  bleeding  from  the  divided  diploe  is 
rarely  dangerous,  and  is  readily  controlled  with 
gauze  compresses.  Occasionally  the  valveless  veins 
of  the  diploe  bleed  severely. 

For  the  control  of  bleeding  we  have  several  means 
at  hand.     Hemorrhage  from  the  diploe  is  frequently 
arrested  by  a  few  blows  with  a  Passoiv  dull  chisel' 
(Fig.  11),  of  which  I  have  three  sizes  on  hand.     The 
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Fig.  11 
Chisel 

measure  has  the  advantage  that  the  operator  is 
enabled  to  attack  at  once  the  same  place  and  to  arrest 
again  the  freshly  provoked  bleeding.  More  espe- 
cially in  working  in  spongy  bone  has  the  measure 
given  satisfactory  results  in  instances  involving  ex- 
acting operative  procedure.  The  crush- 
ing of  the  lamina  externa  and  interna 
with  the  cutting  forceps  has  also  effect- 
ually controlled  bleeding  from  the 
diploe. 

In  other  situations  I  press  the  point 
of  an  elevator  or  introduce  a  bone 
hook  (three  sizes,  Fig.  12)  into  the 
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opening.     These   hooks   were    originally   employed 

by  the  writer  for  Hie  iirrest  of  bleeding  from  the 
middle  ineningeal  artery.  The  hook  is  introduced 
into  the  bleeding  point  and  twisted  biiek  and  forth 
xe\eral  times.  If  the  bone  is  of  .sufficient  thickness 
and  the  lumen  of  the  bleeding  vessel  not  too  large  the 
hemorrhage  is  controlled  by  the  measure.  For  the 
same  purpose  the  driving  in  of  ivory  pegs  is  found 
effective.  Several  sixes  of  the  pegs  should  be  avail- 
able. The  peg  is  firmly  driven  into  the  bleeding 
opening  and  is  cut  off  close  to  its  margin  and  left 
hi  >•////. 

However,  all  of  these  measures  may  fail  to  accom- 
plish the  purpose  if  the  cranial  bones  happen  to  be 
soft  or  thinned  out  as  the  result  of  prolonged  increase 
of  intracranial  pressure.  In  these  instances  I  plug 
the  bleeding  point  with  the  corner  of  the  selvage  of  a 
gauze  bandage,  and  if  this  be  not  practicable  I  en- 
large the  opening  with  a  Doyen  drill  or  burr,  push  the 
gau/e  between  the  dura  and  bone,  and  tampon 
around  and  into  the  opening.  Finger  pressure  main- 
tained for  several  minutes  will  arrest  the  bleeding. 
Of  course,  if  possible,  the  openings  of  the  emissaries 
should  be  avoided  in  fashioning  the  flap. 

The  application  of  Horsley's  wax  to  the  bleeding 
bone  after  the  periosteum  has  been  removed,  is 
stated  to  control  the  bleeding.  The  writer  has  had 
no  experience  with  this  preparation. 

After  it  has  once  been  an  operator's  experience  to 
be  confronted  with  disturbing  bleeding  from  the 
emissaries,  it  is  easy  to  understand  how  important 
avoidance  of  the  openings  is.  In  fact,  it  has  on  sev- 
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oral  occasions  been  possible  to  carefully  separate  the 
periosteum  from  the  mastoid  process  and  lift  the 
emissaries  from  the  bone,  which  permitted  of  ligature 
and  peripheral  division  of  the  vessels.  Also  the 
emissaries  may  be  avoided  by  making  the  incisions 
when  feasible  remote  from  the  sinuses.  When  the 
bone  flap  is  made  it  is  permissible  to  still  increase 
the  size  of  the  opening  by  removing  an  additional 
rim  of  bone,  or  to  fashion  a  second  smaller  flap  con- 
tiguous to  the  first.  In  all  instances  it  is  easier  to 
deal  with  the  bleeding  when  the  dura  is  already 
exposed. 

Temporary  compression,  or  permanent  ligature  of 
both  carotids,  as  is  largely  advised,  especially  by 
Frazier,  I  have  never  found  necessary.  The  bleed- 
ing was  controlled  in  all  instances  by  the  measures 
submitted. 

Bleeding  from  the  Dura 

The  venous  bleeding  resulting  from  separating 
the  dura  from  the  lamina  vitra  is  in  a  general  way 
of  minor  importance.  It  ceases  spontaneously  as 
soon  as  the  Braatz  sound  is  withdrawn  and  the  dura 
and  brain  are  permitted  to  come  again  in  contact 
with  the  cranium.  I  have,  however,  several  times 
met  with  profuse  venous  bleeding  in  performing  the 
act  in  cases  of  brain  tumor.  If  the  occurrence  ac- 
company the  first  bone  section  there  is  nothing  left 
to  do  other  than  to  tampon  the  drill  holes  and  one 
furrow  with  gauze  to  control  immediately  the  bleed- 
ing and  then  to  rapidly  complete  the  other  bone  sec- 
tions and  leave  the  bleeding  portion  to  the  last.  As 
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soon  as  the  bone  flap  is  lifted  tamponade  or  the  encir- 
cling with  ligatures  of  the  bleeding  points  can  be  ac- 
complished, and  the  bleeding  arrested.  In  one  of 
my  cases  the  veins  of  the  dura  overlying  the  tumor 
were  of  the  diameter  of  a  lead  pencil  from  which  the 
hemorrhage  was  sufficiently  profuse  to  endanger  the 
life  of  the  patient.  The  bleeding,  however,  was  con- 
trolled in  the  manner  stated  (Observation  III,  4) 
and  the  patient  made  a  good  ultimate  recovery. 

As  these  occurrences  cannot  be  foreseen  I  make  it 
a  rule  in  opening  the  cranium  after  dividing  the  scalp 
and  arrest  of  all  bleeding,  to  make  next  the  various 
drill  openings.  Bleeding  from  the  drill  holes  is 
always  controlled  by  the  introduction  of  gauze  pack- 
ing. I  then  loosen  the  dura  between  the  two  drill 
holes  corresponding  to  the  flap  base  with  the  Rraatz 
sound,  and  cut  the  bone  at  once  in  this  situation  with 
the  Dahlgren  forceps.  Next,  the  same  procedure  is 
executed  at  either  side  of  the  flap,  completing  first 
one  and  then  the  other  bone  sections.  That  is,  I 
never  loosen  more  dura  than  is  necessary  for  the  im- 
minent bone  section.  The  sections  in  the  neighbor- 
hood of  a  sinus,  especially  the  longitudinal  sinus,  I 
generally  execute  last,  as  in  this  situation  bleeding 
from  the  emissaries  is  likely  to  be  profuse.  At  times 
the  bleeding  from  torn  Pacchionian  bodies  is  a  dis- 
turbing factor. 

If  the  venous  bleeding  threatens  the  life  of  the 
patient,  and  is  not  controllable,  the  bone  must  be 
sacrificed.  The  skin  and  periosteum  are  rapidly 
denuded  from  the  bone  with  the  raspatorium,  and 
the  bone  removed  with  the  cutting  forceps,  beginning 
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at  the  site  of  the  drill  holes.  If  the  bleed  ing  points 
are  thus  exposed  the  surgeon  will  be  able  to  cope 
with  the  problem  in  accord  with  general  surgical 
principles.  In  only  one  instance  did  I  have  to  sac- 
rifice the  bone  because  of  venous  bleeding.  The  case 
\\as  one  of  traumatic  epilepsy  in  a  man  of  thirty. 
Because  of  a  localized  point  of  tenderness  and  a  bony 
depression  at  the  point  of  union  of  the  two  central 
fissures  as  outlined  by  Kroenlein,  it  was  necessary  to 
fashion  the  bone  flap  over  the  longitudinal  sinus. 
The  attempt  was  accompanied  by  profuse  bleeding 
from  the  anterior  drill  opening.  A  prolonged  tam- 
ponade  neither  controlled  nor  lessened  the  bleeding. 
When  the  gauze  was  removed  blood  gushed  forth  in 
a  portentous  stream.  For  this  reason  the  bone  had 
to  be  sacrificed,  revealing  two  holes  in  the  longi- 
tudinal sinus  corresponding  to  two  emissaries. 
Gauze  pressure  arrested  the  bleeding,  and  the  skin— 
periosteal  flap  was  sewed  back  into  place.  At  the 
end  of  four  days  the  tampon  was  removed,  and  at 
the  end  of  another  six  days  the  operation  was  com- 
pleted. The  patient  made  an  uneventful  recovery. 
Arterial  bleeding  is,  in  my  opinion,  quite 
restricted  to  the  areas  supplied  by  the  middle  men- 
ingeal  artery.  This  factor  is  most  worthy  of  con- 
sideration in  connection  with  exposure  of  the  middle 
fossa  of  the  cranium  for  extirpation  of  the  ganglion 
of  Gasser.  I  have  frequently  found  the  artery  im- 
bedded in  a  canal  instead  of  a  groove.  As  a  general 
rule  the  bleeding  from  this  vessel  is  without  danger. 
On  several  occasions,  however,  in  cases  of  arterial 
sclerosis,  the  Lleeding  was  sufficiently  alarming  to 
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warrant  sacrifice  of  the  bone  flap  in  the  way  referred 
to  above,  in  order  to  effect  rapid  encircling  and 
ligature  of  the  bleeding  vessel. 

It  is  a  fortunate  circumstance  that  I  have  not  yet 
lost  a  case  on  the  operating  table  from  hemorrhage. 

Trephining  in  Two  Stages 

The  first  act  of  the  operation'  is  completed  with 
the  fashioning  of  the  cutaneo-osseous  flap  without 
opening  of  the  dura.  If  the  execution  of  the  brain 
operation  is  to  be  enacted  at  a  subsequent  sitting  the 
flap  is  replaced  and  retained  in  situ  by  means  of 
deep  sutures.  Accurate  apposition  is  essential  in 
order  to  conserve  asepsis  and  to  prevent  shrinkage  of 
the  flap.  If  bony  union  is  to  be  avoided  the  bone 
sections  must  remove  a  rim  of  bone  and  periosteum 
at  least  1  cm.  in  breadth,  which  is  readily  accom- 
plished with  either  the  Dahlgren  forceps  or  the  cut- 
ting bone  forceps. 

Brain  operations  are  frequently  extensive  and  dan- 
gerous to  life.  It  is,  therefore,  wise  to  divide  them 
into  two  stages,  provided  no  unfavorable  effect 
be  the  outcome.  In  abscess  of  the  brain  the  opera- 
tion is  best  completed  at  one  sitting;  however,  in  the 
majority  of  instances  the  best  interests  of  the  patient 
are  conserved  by  an  interval  of  from  eight  to  ten 
days  between  the  operation  of  approach  and  that  of 
invasion  of  the  brain  substance. 

In  cases  of  epilepsy,  in  which  relief  is  attempted 
years  after  the  inception  of  the  affliction,  the  opera- 
tive attempt  may  with  justice  be  divided  into  several 
stages.  The  establishment  of  generally  applicable 
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rules  in  this  connection  is  not  permissible.  At  times 
imminent  collapse  causes  abandonment  of  the  opera- 
tive procedure  after  the  trephining  has  been  accom- 
plished. It  is  in  these  instances  a  question  of  the 
judgment  of  the  individual  surgeon  whether  the 
operation  should  be  continued  or  its  completion 
postponed.  On  two  occasions  I  have  been  influ- 
enced by  the  opinions  of  colleagues  and  completed 
the  enucleation  of  brain  tumors  at  one  sitting  (see 
Observation  III,  3  and  Observation  III,  6)  because 
the  technique  of  approach  had  been  accomplished 
with  ease  and  with  no  apparent  influence  on  the  con- 
dition of  the  patient.  In  both  cases  a  fatal  outcome 
from  collapse  was  the  result. 

During  operations  upon  the  brain  I  have  frequently 
observed  that  the  pulse  and  heart  action  were  undis- 
turbed, and  suddenly  the  patient  sank  into  pro- 
found collapse  even  though  no  considerable  quantity 
of  blood  had  been  lost.  In  these  cases  a  fatal  out- 
come supervened  despite  the  fact  that  the  operative 
procedure  was  at  once  abandoned.  The  case  re- 
lated in  Observation  VI,  1,  would  most  certainly  have 
succumbed  from  collapse  had  the  operation  been 
completed  at  one  sitting.  Indeed,  after  achieving 
extirpation  of  the  brain  tumor  at  the  second  sitting 
the  disturbance  of  the  vital  forces  was  so  overwhelm- 
ing, despite  the  fact  that  the  enucleation  of  the  brain 
tumor  was  rapidly  accomplished,  the  life  of  the 
patient  was  for  the  day  immediately  succeeding  the 
attempt,  quite  despaired  of. 

Division  of  the  operation  into  two  stages  has  also 
certain  disadvantages.  In  one  case  (Observation 
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VII.  1)  the  cerebellar  hemispheres  were  exposed  in 
the  first  stage,  and  because  of  its  great  tension  the 
dura  was  punctured  over  the  right  cerebellar  hemis- 
phere near  the  vermis,  which  resulted  in  discharge  of 
H  cm',  of  fluid.  At  the  end  of  fourteen  days  the 
dura  was  opened.  Puncture  of  the  right  hemis- 
phere did  not  elicit  any  fluid;  puncture  of  the  left 
hemisphere  resulted  in  discharge  of  about  3  cm3,  of 
fluid.  Incision  of  the  left  hemisphere  opened  a  cav- 
ity. Incision  of  the  right  hemisphere  did  not  dis- 
close the  cyst  punctured  at  the  first  sitting.  Discharge 
of  the  contents  of  the  cyst  located  in  the  right  hemis- 
phere undoubtedly  obliterated  the  cavity  demon- 
strated by  the  first  puncture.  The  entire  operation 
could  undoubtedly  have  been  completed  at  the  first 
sitting  had  not  an  impending  collapse  prevented 
farther  manipulations. 

In  a  general  way  I  have  for  years  been  a  follower 
of  Victor  Horsley,  and  preferred  the  two-stage  opera- 
tion. However,  I  have  in  some  instances  extirpated 
brain  tumors  and  exposed  the  cerebellar  hemispheres 
—a  grave  procedure — at  one  sitting  with  favorable 
outcome. 

It  is  to  be  noted  that  the  simple  opening  of  the 
cranial  cavity  does  not  so  unfavorably  influence  the 
vital  forces.  In  other  portions  of  the  body  opera- 
tions are  performed  which  involve  much  graver  muti- 
lation and  far  greater  loss  of  blood,  without  the  oc- 
currence of  a  similar  degree  of  shock.  In  extensive 
opening  of  the  cranial  cavity  the  relationship  of  intra- 
cranial  pressure  is  markedly  disturbed,  and  this  must 
result  in  modification  of  the  function  of  the  heart, 
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respiration  and  blood  pressure.  It  is  only  in  this 
\v:iy  that  the  sudden  appearance  of  shock,  which  un- 
fortunately is  so  frequently  manifest  during  brain 
operations,  can  be  accounted  for. 

V ' .  Horsleij  irrigates  constantly  the  operation  field 
with  a  common  salt  solution  at  a  temperature  of 
46°  (\,  which  he  at  times  replaces  with  a  solution 
of  corrosive  sublimate  1  in  10,000  at  the  same  tem- 
perature with  the  view  of  controlling  hemorrhage 
and  obviating  collapse.  I  am,  however,  too  strong 
an  advocate  of  dry  asepsis  to  subscribe  to  this 
proposition. 

If  it  has  been  necessary  because  of  venous  bleed- 
ing to  tamponade  the  wound  with  gauze  strips,  these 
are  removed  no  later  than  the  fifth  day,  together  with 
the  sutures,  so  that  a  thoroughly  aseptic  field  may  be 
available  for  the  second  stage  of  the  operation.  For 
this  reason  all  sutures  are  removed  from  wounds 
closed  by  sewing  on  the  third  or  fourth  day.  The 
(juestion  as  to  how  long  a  period  of  time  should  be 
allowed  to  elapse  between  the  stages  of  the  operation 
is  not  susceptible  of  a  definite  answer.  Many  fac- 
tors are  to  be  considered  in  arriving  at  a  conclusion. 
Much  depends  upon  the  condition  for  the  relief  of 
which  the  trephining  is  undertaken  and  how  well  the 
first  step  of  the  operation  has  been  borne  by  the 
patient.  An  interval  of  six  days  is  as  short  a  one  as 
is  in  my  opinion  justifiable.  If  gentle  wiping  of  the 
coagula  from  the  edges  of  the  bone  sections  provokes 
oozing,  it  is  best  to  postpone  the  final  stage  of  the 
operation.  Under  these  circumstances  it  is  best  to 
wait  from  nine  to  fourteen  days,  for  it  will  be  found 
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that  oven  at  the  end  of  twenty-one  days  the  old  scar 
can  he  readily  torn  open  with  a  dull  instrument.  At 
this  time  the  wound  cavity  will  be  found  filled  with 
a  firm  clot  adherent  to  the  dura,  which  it  may  be 
necessary  to  remove  with  a  sharp  spoon. 

On  one  occasion  (see  Observation  IV,  1)  I  enu- 
cleated a  tumor  from  the  Island  of  Reil  twenty-four 
hours  after  trephining,  because  of  acute  cerebral 
compression.  The  patient  made  a  good  recovery. 

On  the  other  hand,  in  the  instances  of  two  epi- 
leptic patients,  both  of  whom  were  in  feeble  general 
condition,  I  allowed  five-and-a-half  and  six  weeks  to 
elapse  after  the  first  trephining  operation  before  in- 
vading the  brain  tissue.  In  the  interval  I  sent  the 
patients  home  to  enable  them  to  recover  from  the 
effects  of  the  primary  surgical  manipulations.  Under 
these  conditions  it  is,  of  course,  necessary  to  remove 
a  strip  of  bone  at  the  edges  of  the  flap  to  prevent  the 
occurrence  of  bony  union.  This  prolonged  interval 
is,  however,  not  to  be  uniformly  recommended.  In 
the  one  case  the  scalp  wound  bled  so  profusely  as  to 
necessitate  the  introduction  of  the  Haidenhain  ten- 
sion sutures.  However,  in  both  cases  the  lifting  of 
the  bone  flap  from  the  dura  was  easily  accomplished 
without  trauma  to  the  latter.  In  the  first  case  I 
found  the  lamina  vitrea  studded  with  small  granu- 
lations, wrhich  also  covered  the  dura,  imparting  to 
the  latter  a  deep  red  hue;  in  marked  contrast  to  the 
glistening  white  appearance  of  the  normal  membrane, 
found  at  the  first  operation.  These  torn  granula-> 
tions  bled  most  profusely.  In  the  other  case  no  such 
phenomena  presented,  and  the  bone  flap  was  raised 
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without  any  bleeding  whatever.  In  other  regards 
the  operations  presented  no  especial  difficulties. 

Another  disadvantage  of  the  two-stage  operation 
is  the  fact  that  the  sinus  walls  are  not  as  readily 
identified  at  the  second  sitting  as  obtains  during  the 
first.  In  order  to  avoid  injury  to  the  sinuses,  during 
the  second  stage  of  the  procedure,  I  mark  the  out- 
line of  the  sinuses  with  a  linen  suture  introduced  into 
the  dura  at  the  first  sitting.  During  the  second 
operation  separation  of  the  layers  of  the  flap  is 
avoided  by  application  of  the  claw  forceps  in  the 
same  manner  as  during  the  first  stage. 

Now  follows 

Opening  of  the  Dura  Mater 

I  have  long  ago  abandoned  crucial  incision  of  the 
dura  and  formation  of  four  flaps.  This  measure 
does  not  give  sufficient  room  for  inspection  and  ma- 
nipulation of  the  brain.  I  incise  the  dura,  fashion- 
ing a  right-angled  flap.  Even  in  moderate  com- 
pression of  the  brain  it  is  impossible  to  pick  up  the 
dura  with  mouse-tooth  thumb  forceps,  from  the  un- 
derlying brain.  The  membrane  is  carefully  incised 
in  xitu  with  the  knife,  making  an  opening  about  1  cm. 
in  length,  until  the  arachnoid  is  exposed  and  the  flap 
incision  is  completed  with  a  small  scissors.  The  base 
of  the  dura  flap  is  not  necessarily  directed  downward, 
nor,  indeed,  is  it  always  made  to  conform  to  the  base 
of  the  bone  flap.  In  working  in  the  region  of  the 
longitudinal  sinus  it  is  best  to  direct  the  base  of  the 
dura  flap  toward  the  median  line.  It  is  then  feasible 
to  separate  the  flap  quite  to  the  edge  of  the  sinus  by 
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careful  stretching  (see  Observations  III,  4  and  VI,  1), 
thus  avoiding  injury  to  the  sinus  itself,  and  what  is 
just  as  important,  the  many  veins  of  the  pia  mater, 
which  penetrate  the  dura  in  this  situation,  are 
avoided.  A  desirable  attainment  not  accomplished 
when  the  dura  is  sectioned  near  the  median  line  of 
the  cranium. 

Fashioning  of  the  base  of  the  dura  flap  in  the  direc- 
tion opposite  to  that  of  the  bone  flap  has  additional 
advantages.  If,  as  the  result  of  profuse  bleeding,  the 
wound  cannot  be  closed  immediately  after  comple- 
tion of  the  brain  operation  and  provisional  tamponade 
be  necessary,  hernia  cerebri  is  very  likely  to  occur. 
Especially  is  this  liable  to  occur  if  the  pia  has  been 
injured  and  the  intracranial  pressure  be  markedly 
increased.  If  the  wound  should  be  sufficiently  clean 
to  justify  secondary  suture  the  bone  flap  will  be  found 
of  insufficient  size  to  accomplish  the  purpose.  The 
dura  flap,  extending,  as  it  does,  from  the  opposite 
direction,  can  well  be  utilized  for  the  purpose  despite 
the  fact  that  this,  too,  will  have  undergone  consider- 
able shrinkage.  (See  Observation  V,  1  and  page  184.) 
In  operations  within  the  area  supplied  by  the  mid- 
dle meningeal  artery  this  vessel  should  be  encircled 
with  a  ligature  passed  with  a  round  needle  and 
deligated,  to  prevent  unnecessary  bleeding. 

Injuries  and  Resection  of  Sinuses 

At  times  the  conditions  require  incision  of  the 
dura  so  close  to  a  sinus  that  the  operator  should  be 
prepared  to  cope  with  their  injury.  Especial  care 
should  be  exercised  in  operating  contiguous  to  the 
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longitudinal  sinus  to  avoid,  if  possible,  trauma  to 
the  entering  lacunae,  the  walls  of  which  are  much 
thinner  '  than  that  of  the  sinus  itself,  and  which 
extend  about  1  cm.  to  either  side.  Injury  to  the 
longitudinal  sinus  and  its  contiguous  veins  may  be 
avoided  by  making  the  transverse  dura  section  some 
distance  from  the  sinus,  and  then  to  make  two  per- 
pendicular short  incisions  toward  the  sinus,  which 
permit  of  the  raising  of  a  secondary  smaller  flap,  thus 
allowing  of  control  of  the  bleeding  as  this  is  lifted 
from  the  brain. 

A  brief  discussion  of  the  two  main  sinuses  is  prop- 
erly taken  up  at  this  time. 

In  most  cases  the  longitudinal  sinus  deviates 
to  the  right  of  the  median  line,  therefore  the  origin 
of  the  transverse  sinus  is  atypical.  At  the  sagittal 
suture  the  width  of  the  longitudinal  sinus,  including 
its  dural  walls,  averages  between  6  mm.  and  8  mm. 
At  its  central  point,  i.  e.,  midway  between  lambda 
(junction  of  sagittal  and  lambdoid  sutures)  and 
inion  (external  occipital  protuberance),  it  becomes 
wider  and  immediately  above  the  latter  point  is  be- 
tween 12  mm.  and  15  mm.  in  width. 

The  course  of  the  transverse  sinus  follows  the 
linea  semicircularis  superior  to  its  knee,  the  latter 
being  located  at  the  asterion,  which  corresponds  to 
the  junction  of  the  parieto-mastoid  and  lambdoid 
sutures.  It  then  continues  as  the  sigmoid  sinus  to 
the  middle  third  of  the  base  of  the  mastoid  process. 

If  the  side  of  a  sinus  be  injured,  the  solution  of 
continuity  is  grasped  with  one  or  more  Pean  clamps 
and  the  opening  closed  with  a  continuous  linen 
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thread  suture  introduced  by  means  of  a  round 
curved  needle.  This  method  may  be  satisfactorily 
employed  in  similar  injuries  to  the  larger  veins  of 
the  dura,  especially  in  the  neighborhood  of  Pacchio- 
nian  bodies  and  in  situations  where  the  larger  veins 
of  the  pia  open  into  the  lumen  of  the  sinuses. 

Application  of  the  method  is  illustrated  as  follows: 
The  case,  one  of  a  ten-year-old  girl  (see  Observation  I, 
12),  was  afflicted  with  Jacksonian  epilepsy,  which  had 
its  primary  manifestation  in  the  left  foot.  To  reach 
the  brain  center  animating  the  foot,  it  was  necessary 
at  the  second  stage  of  the  operation  to  expose  the 
upper  edge  of  the  cerebral  hemisphere.  In  opening 
the  dura  the  longitudinal  sinus  was  torn.  Immediate 
control  of  the  bleeding  was  accomplished  by  forcible 
apposition  of  the  edges  of  the  superficial  wound  with 
the  index  finger  and  thumb.  After  exposing  the 
operative  field  by  sponging  away  the  blood  I  applied 
a  narrow  Pean  forceps.  The  tear  in  the  sinus  was 
a  considerable  one  requiring  longitudinal  applica- 
tion of  the  clamp.  No  attempt  was  made  to  suture 
the  hole  in  the  sinus,  indeed,  I  felt  happy  at  the 
thought  of  having  accomplished  arrest  of  the  bleed- 
ing in  the  manner  stated.  At  the  end  of  the  opera- 
tion the  osteoplastic  flap  was  replaced  and  sutured, 
except  for  the  small  area  permitting  of  protrusion  of 
the  handles  of  the  clamp.  The  clamp  was  left  in 
situ  for  five  days,  at  the  expiration  of  which  time 
the  skin  sutures  were  removed  with  the  view  of 
rapidly  turning  aside  the  flap  in  the  event  of 
return  of  the  bleeding.  The  clamp  was,  however 
removed  without  recurrence  of  the  bleeding,  and  the 
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patient  was  discharged  with  the  wound  entirely 
healed  at  the  end  of  thirty  days. 

Injury  to  the  superior  aspect  of  the  longitudinal 
sinus  is  a  common  complication  of  depressed  frac- 
ture of  the  skull  in  this  situation.  Revenstorp  advises 
in  these  cases  the  introduction  through  the  dura  upon 
either  side  of  the  rupture  of  sutures,  which  are  tied 
together,  encircling  the  wound  like  a  purse  string. 
If  the  sutures  are  carefully  drawn  together  and  the 
knot  evenly  tied  the  bleeding  may  be  controlled 
without  reducing  materially  the  lumen  of  the  sinus. 

The  extension  of  a  pathological  process,  such  as 
occurs  with  neoplasms,  may  call  for 

Resection  of  a  Sinus. 

If  one  of  the  larger  sinuses  (sigmoid,  transverse,  long- 
itudinal and  occipital)  are  to  be  divided,  the  bone 
must  be  removed  so  that  the  contour  of  the  sinus  is 
visible,  and  the  sinus  be  easily  approached  on  either 
side.  It  is,  however,  in  my  opinion,  not  at  all  times 
necessary  to  sacrifice  the  bone.  As  a  rule  it  will  be 
found  feasible  to  lift  the  sinus,  together  with  the  dura, 
after  an  osteoplastic  flap  has  been  fashioned.  I 
have  frequently  raised  the  sigmoid  sinus  from  its 
bony  bed  in  order  to  gain  access  to  the  posterior 
aspect  of  the  petrous  bone. 

After  exposing  the  sinus,  the  neighboring  dura  is 
divided  in  a  perpendicular  or  transverse  direction, 
according  to  its  path,  that  is,  to  either  side  of  the 
vessel.  The  introduction  of  the  sound  will  deter- 
mine the  extent  of  the  incision  necessary.  Catgut 

1  Centralblatt  /fir  Chirurgie,  1907,  No.  38. 
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ligatures  (linen  thread  or  silk  are  too  liable  to  cut 
through)  are  now  introduced  at  the  ends  of  the  dura 
incision  by  means  of  an  ordinary  round  or  Deschamp 
needle  and  carried  around  the  sinus.  The  ligatures 
include,  with  the  longitudinal  sinus,  the  falx  cerebri, 
with  the  transverse  sinus,  the  tentorium  cerebelli  and 
the  falx  cerebelli  with  the  occipital  sinus.  (Fig.  14.) 
After  introducing  in  a  similar  manner  sutures  several 
millimeters  distal  to  the  ones  already  placed,  and 
firmly  tying  them,  the  sinus  is  divided  between  the 
ligatures. 

After  ligature  of  the  transverse  sinus  a  considerable 
portion  of  tentorium  cerebelli  may  be  removed  pos- 
teriorly. However,  the  straight  sinus  must  not  be 
invaded.  An  analogous  procedure  may  be  applied 
to  the  falx  cerebri.  The  longitudinal  sinus  presents 
especial  difficulties  in  this  connection,  as  the  numer- 
ous veins  of  the  pia  covering  the  cerebral  surface  have 
to  be  deligated  separately.  In  this  way  I  have  fre- 
quently excised  portions  of  the  enumerated  processes 
of  the  dura  on  the  living  subject.  The  smaller 
sinuses,  such  as  the  spheno-parietal,  which  follows 
the  course  of  the  anterior  branch  of  the  middle 
meningeal  artery  parallel  to  the  coronal  suture  on 
its  way  to  the  cavernous  sinus  and  obtrudes  into  the 
operative  field  when  opening  the  temporal  region, 
double  ligature  and  division  is  not  difficult. 

The 

Opening  of  the  Posterior  Fossa  of  the  Skull 

deserves  especial  consideration. 
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As  far  as 
Exposure  of  One  Cerebellar  Hemisphere 

is  concerned  it  makes  an  important  difference 
whether  the  approach  is  made  for  cerebellar  abscess 
or  for  enucleation  of  an  accurately  located  tumor,  or 
if  the  operation  involve  removal  of  a  tumor  at  the 
junction  of  the  pons  and  cerebellum.  (Neuroma  of 
the  Acusticus. 

In  the  first  instance  a  flap  corresponding  to  the 
involved  cerebellar  hemisphere  will  suffice  for  the 
purpose.  The  upper  incision  is  made  along  the 
superior  linea  semicircularis,  from  the  external  oc- 
cipital protuberance  to  the  posterior  edge  of  the  mas- 
toid  process.  The  two  perpendicular  incisions  are 
made  downward,  one  close  to  the  external  occipital 
ridge  and  the  other  begins  slightly  behind  the  mas- 
toid  process.  The  latter  thus  avoids  the  mastoid 
cells  and  the  numerous  emissaries  which  penetrate 
the  bone.  Only  two  drill  openings  are  necessary, 
which  are  aimed  directly  at  the  transverse  sinus  or 
immediately  above  it,  as  the  sinus  most  frequently  is 
situated  below  the  external  occipital  protuberance. 

After  completing  the  bone  sections  the  osteo- 
plastic  flap  is  fractured  at  its  base  and  turned  down- 
ward. The  line  of  fracture  invariably  occurs  imme- 
diately above  the  foramen  magnum,  going  through 
the  thin  plate  of  bone  in  this  situation.  The  rim  of 
bone  attached  to  the  thickened  edge  of  the  foramen 
is  readily  removed  with  the  biting  forceps.  If  nec- 
essary, the  other  edges  of  the  bone  should  be  en- 
larged until  a  comprehensive  view  of  the  transverse, 
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sigmoid  and  occipital  sinuses  is  obtained,  the  accom- 
plishment of  which  1  regard  as  essential.  Fre- 
quently it  has  been  necessary  to  invade  the  mastoid 
cells  which  are  likely  to  extend  far  backward,  and  at 
times  I  have  been  compelled  to  remove  some  of  them 
in  order  to  obtain  sufficient  room  for  the  purpose. 
Plate  I  shows  the  cells  and  the  transverse  and  sig- 
moid  sinuses.  The  dura  is  not  yet  opened.  In  this 
case  (see  Observation  VII,  4)  the  bone  has  been 
removed.  The  dura  is  incised  close  to  these  blood 
channels,  and  is  turned  down  in  the  form  of  a  tri- 
angular flap  with  dependent  base. 
However,  in  order  to 

Expose  the  Posterior  Surface  of  the 
Petrous  Bone 

as  is  necessary,  for  instance,  for  removal  of  a  tumor 
of  the  acusticus,  the  opening  in  the  bone  must  be 
of  sufficient  dimensions  to  permit  of  lateral  displace- 
ment of  the  cerebellum  without  subjecting  it  to 
undue  pressure.  This  requires  inclusion  in  the  flap 
of  the  crest  of  the  occipital  bone  to  permit  of  dis- 
lodgment  of  the  falx  cerebelli  and  occipital  sinus,  and 
exposure  of  the  opposite  cerebellar  hemisphere  to  the 
extent  of  1  to  2  cm.  In  decompression  trephining 
this  measure  has  the  advantage  of  relieving  to  a 
considerable  extent  both  of  the  hemispheres.  Ac- 
cordingly, the  bone  flap  should  extend  for  at  least 
1  cm.  beyond  the  crista  occipitalis,  toward  the 
healthy  side.  The  upper  horizontal  bone  section  is 
made  superior  to  the  external  occipital  protuberance, 
avoiding  the  thick  bone  at  this  situation.  Commonly 
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two  drill  holes,  more  rarely  three,  are  made  imme- 
diately above  the  transverse  sinus.  The  lateral  inci- 
sions are  carried  deeply  into  the  muscles  of  the  neck, 
and  the  bone  sections  are  made  as  far  forward  as 
possible.  As  division  of  the  bone  in  the  region  of 
the  mastoid  process  always  provokes  profuse  bleed- 
ing, this  section  should  be  made  last.  The  flap  is 
then  immediately  turned  down  and  the  bleeding  con- 
trolled. In  practically  all  instances  the  posterior  por- 
tion of  the  foramen  magnum  forms  a  part  of  the  bone 
flap.  (Fig.  13.) 

I  have  on  two  occasions  attempted  to  obviate  the 
deep  fracture  of  the  bone  by  prolonging  the  median 
incision,  by  making  a  burr  opening  at  the  lower  edge 
of  the  external  occipital  protuberance,  and  removed 
laterally  in  each  direction  sections  of  the  bone  with 
the  Dahlgren  forceps.  With  no  avail,  however,  the 
fracture  line  extended  in  each  instance  into  the 
foramen.  It  is  true  I  have  never  seen  any  unfavora- 
ble outcome  from  this  cause,  as  the  fracture  was  al- 
ways carefully  executed  to  avoid  disturbance  of  the 
medulla  oblongata.  The  sinus  marginalis  which  sur- 
rounds the  posterior  portion  of  the  foramen  I  have 
never  injured. 

In  order  to  accomplish  complete  turning  down- 
ward of  the  flap  it  is  necessary  to  loosen  the  perios- 
teum to  eithei  side  of  the  flap  base  and  remove  a 
small  section  of  bone.  The  portion  of  the  rim  of  the 
foramen  magnum  attached  to  the  flap  should  also 
be  removed.  This  latter  step  will  contribute  mate- 
riallv  to  the  proper  displacement  of  the  flap.  The 
perpendicular  skin  incisions  are  now  extended  down- 
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ward,  exposing  thus  the  posterior  surface  of  the  atlas. 
Firm  pressure  on  the  subjacent  soft  parts  will  per- 
mit the  operator  to  turn  the  osteoplastic  flap  well 
downward.  To  keep  the  flap  well  out  of  the  way  it 
may  be  fastened  to  the  skin  with  a  temporary  suture. 


Fig.  is 
Arch  of  Atlas 

(Plate  III  b.)  The  transverse  sinus,  together  with 
the  confluens,  are  visible  above.  To  thoroughly  ex- 
pose the  mastoid  sinus  the  upper  incision  is  extended, 
the  periosteum  and  insertion  of  the  sterno-mastoid 
muscle  are  loosened  and  the  necessary  portion  of 
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bone,  to  accomplish  the  purpose,  removed  with  the 
biting  forceps. 

The  dura  of  one  cerebellar  lobe  and  a  portion 
of  the  dura  of  the  other,  together  with  the  occipital 
sinus  located  between  the  hemispheres  and  the  begin- 
ning of  the  spinal  dura,  are  now  visible.  (Fig.  13.) 
If  the  procedure  is  now  interrupted  with  the  view 
of  completing  the  operation  at  another  sitting,  the 
sinuses  are  marked  with  silk  sutures.  One  is  intro- 
duced immediately  beneath  the  transverse  sinus  and 

• 

another  at  the  angle  of  junction  of  the  transverse 
and  mastoid  sinuses.  After  ligature  of  visible  blood- 
vessels the  wound  is  closed  with  sutures  deeply  intro- 
duced into  the  muscles  of  the  neck.  After  accurate 
approximation  of  the  edges  of  the  flap  the  Kredel 
plates  and  Haidenhain  tension  sutures  are  removed. 
In  completing  the  operation  the  dural  flap  is  fash- 
ioned on  the  diseased  side  in  the  manner  indicated 
above.  The  dural  sections  are  made  close  to  the 
three  sinuses  in  order  to  gain  as  much  space  as  pos- 
sible. In  most  instances  this  method  has  sufficed  to 
expose  tumors  of  the  acusticus.  If,  however,  the 
cerebellum  cannot  be  dislodged  sufficiently,  the  dura 
is  incised  on  the  opposite  side  of  the  occipital  sinus 
(Fig.  14).  The  curved  Braatz  sound  is  carefully 
passed  around  the  falx  cerebilli  at  a  point  about  1  cm. 
below  the  confluens,  at  the  same  time  separating  the 
hemispheres  of  the  cerebellum  from  the  falx  with  the 
middle  and  index  fingers.  A  ligature  is  drawn  in  the 
opposite  direction  during  removal  of  the  sound  which 
now  encompasses  the  falx.  The  same  step  is  re- 
peated at  a  point  1  cm.  lower  down,  the  ligatures  are 
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firmly  tied,  and  the  occipital  sinus,  together  with  the 
falx.  are  cut  between  them.  Several  times  I  have 
had  to  deligate  separately  a  small  artery.  The  sinus 


Fig.  14 

has  never  bled  after  this  procedure.  Of  all  sinus 
ligaturing  this  is  the  easiest,  as  the  sinus  can,  because 
of  its  narrow  dimensions,  be  encircled  with  the  blunt 
sound. 

The  severed  sinus  is  drawn  upward  and  downward 
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by  means  of  the  ligatures  (Plate  III,  Fig.  b.),  and  no 
longer  constitutes  a  disturbing  factor.  I  find  it  expe- 
dient to  fasten  the  upper  portion  of  the  divided  dura 
to  the  skin  with  temporary  sutures,  and  if  necessary 
make  two  small  perpendicular  incisions  which  barely 
escape  the  transverse  sinus,  thus  fashioning  a  small 
superior  dural  flap.  (Plate  III,  Fig.  a  and  Fig.  18.) 

Exposure  of   both  Cerebellar    Hemispheres 

In  not  a  few  cases  it  is  quite  impossible  to  be  cer- 
tain which  cerebellar  hemisphere  is  involved  in  the 
pathological  process.  It  then  becomes  necessary  to 
expose  simultaneously  both  hemispheres,  but  the 
opening  need  not  extend  laterally  to  both  mastoid 
processes.  The  opening  may  be  made  considerably 
smaller  if  the  flap  be  fashioned  as  shown  in  Figs.  15 
and  16.  If  the  opening  in  the  dura  is  found  to  be 
too  small,  the  upper  skin  incision  (Fig.  15)  may  be 
extended  and  sufficient  bone  removed  for  the  pur- 
pose, or  a  smaller  flap  may  be  fashioned  with  its  base 
directed  laterally.  Three  drill  holes  are  made  above, 
the  middle  one  of  which  involves  the  external  occip- 
ital protuberance  (Fig.  16).  To  separate  this  thick 
portion  of  the  skull  I  use  the  largest  burr.  The  bone 
puncture  lies  immediately  above  the  confluens. 

Of  course,  the  exposure  of  both  cerebellar  hemis- 
pheres, especially  that  of  the  superior  worm,  require 
division  of  the  falx  and  occipital  sinus.  The  tech- 
nique varies,  however,  inasmuch  as  the  dura  is 
incised  immediately  below  the  transverse  sinus  to 
either  side  of  the  occipital  sinus  as  far  as  the  lateral 
side  of  the  flap,  and  two  small  incisions  are  made 
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dowmvard,  skirting  the  occipital  sinus.  After  com- 
pletion of  the  technique  of  obligating  the  falx  and 
sinus,  as  described  on  page  43,  the  dural  covering 


ff 
Fig.  15 

of  both  hemispheres  may  be  turned  down  as  one  flap, 
as  soon  as  the  lateral  incisions  near  the  sigmoid 
sinuses  have  been  made. 
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When  both  eerebellar  hemispheres  are  exposed  it 
is  unnecessary  to  tie  and  divide  the  transverse  sinus 
and  tentorium.  In  my  opinion  this  step  is  unwar- 
ranted. Indeed,  ligature  of  more  than  one  transverse 
sinus  would  be  followed  by  a  fatal  issue.  It  is  much 


Fig.  16 

more  desirable  to  lift  the  intact  tentorium  with  a  brain 
spatula.  The  extent  to  which  the  deeper  structures 
of  the  hemispheres  are  made  accessible  in  this  way  is 
astonishing.  During  this  step  several  veins  which 
go  from  the  superior  worm  to  the  rectus  sinus  and 
veins  of  Galeni  are  injured  and  bleed  quite  freely. 
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They  are,  however,  readily  deligated,  or  better  still 
Mirrounded  with  a  double  ligature  and  divided. 

Whether  the  exposure  of  both  hemispheres  is  ac- 
complished at  one  sitting  or  the  final  steps  of  the 
operation  are  postponed  for  three  weeks,  depends 
upon  the  condition  of  the  patient  and  the  indications 
for  which  the  operation  is  undertaken.  If  the  pa- 
tient's condition  will  warrant  it,  the  former  procedure 
is  the  preferable  one. 

The 

Upper  Surface  of  the  Cerebellum 

is  exposed  for  operative  attack  as  the  outcome  of 
lifting  the  tentorium  with  the  retractor.  In  cases 
where  the  neoplasm  extends  deeply  along  the  supe- 
rior surface  of  the  cerebellum  the  hemispheres  must 
be  exposed  in  the  manner  just  described,  in  order  to 
achieve  sufficient  room  for  thorough  inspection,  and 
to  employ  measures  of  relief.  (Fig.  17.) 

A  male  patient,  aged  thirty-two,  was  sent  to  me 
by  H.  Oppenheim  because  of  a  suspected  tumor  of 
the  cerebellum.  The  dominant  symptoms  of  in- 
creasing cerebral  pressure  demanded  immediate  re- 
lief of  intracranial  pressure  by  means  of  drainage  of 
the  posterior  horn  of  the  lateral  ventricle.  (See 
Subcutaneous  Drainage  of  Cerebral  Ventri- 
cles, page  258),  with  the  silver  canula,  together  with 
decompression  trephining  over  the  cerebellum,  with- 
out further  investigation  of  the  symptoms  as  to  local- 
ization of  the  tumor. 

The  patient  improved  so  rapidly  after  the  em- 
ployment of  these  measures  that  further  attempts  at 
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relief  were  not  made.  Three  weeks  following  the 
procedure  related  above,  the  patient  collapsed  sud- 
denly while  engaged  in  conversation  with  a  visitor, 
and  died  in  a  few  moments.  Autopsy  revealed  a 


Fig.  17 

tumor  the  size  of  a  silver  dollar  situated  at  the  upper 
surface  of  the  right  cerebellar  hemisphere  immedi- 
ately below  the  tentorium.  The  tumor  had  raised 
the  arachnoid  about  1  cm.  (Fig.  17),.  and  would 
have  been  readily  enucleated  had  the  falx  been 
divided.  In  consistence  and  color  it  resembled  very 
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closely  the  normal  cerebellar  tissue.  However,  the 
absence  of  stria-  would  have  made  its  presence 
readily  recogiii/able.  Microscopical  examination 
proved  the  tumor  to  be  an  endothelioma. 

A  portion  of  the -upper  surface  of  the  cerebellum 
is  made  visible  if,  after  exposure  of  one  hemisphere, 
the-  cerebellum  is  drawn  backward.  This  manipula- 
tion must,  however,  be  carefully  executed.  In  this 
way  I  have  frequently  exposed  and  inspected  a  sur- 
face of  4;5  mm.  in  width  and  50  mm.  deep,  and, 
indeed,  have  been  able-  to  palpate  the  same  area  with 
the  finger.  (See  Inspection  of  all  surfaces  of 
the  posterior  cranial  fossa  and  cerebellum, 

page  130.) 

Terrier  attempted  to  reach  the  cerebellar  hemis- 
phere by  opening  the  temporal  bone  the  size  of  a 
silver  quarter  of  a  dollar  to  reach  the  posterior  edge 
of  the  occipital  lobe,  where  it  rests  upon  the  ten- 
torium  cerebelli. 

The  intent  was  to  lift  the  occipital  lobe,  expose 
thus  the  tentorium  cerebelli,  and  after  dividing  it, 
reach  the  cerebellar  hemisphere.  The  plan  was 
analogous  to  that  of  Volkmann,  who  many  years  ago 
attacked  the  dome  of  the  liver  for  echinococcus  cyst 
by  way  of  the  healthy  pleural  cavity.  Volkmann 
succeeded,  Terrier  did  not,  for  when  the  dura  of  the 
occipital  lobe  was  opened  the  cerebrum  extruded 
from  the  opening  and  forestalled  all  further  progress. 
A  small  opening  destined  to  furnish  approach  to 
brain  tumors  is  always  ineffectual.  The  intra- 

1  V.  Bergmann,  "The  Surgical  Treatment  of  Cerebral  Lesions."  3d  edi- 
tion, 1899,  p.  368,  et  seq. 
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cranial  pressure  is  of  necessity  much  increased,  and 
the  protruding  brain  closes  the  opening  and,  indeed, 
not  infrequently  the  cortex  of  the  brain  is  torn  on 
the  edges  of  the  opening  in  the  dura  and  skull. 

As  the. outcome  of  wide  exposure  of  the  posterior 
fossa  of  the  skull,  and  by  placing  the  patient  in  the 
sitting  posture,  the  cerebellar  hemispheres  sink  back- 
ward, so  that  the  sides  and,  after  raising  of  the  organ, 
the  inferior  surfaces,  together  with  the  inferior  yer- 
mis,  are  readily  inspected.  If  the  organ  be  slightly 
drawn  outward  the  lobes  are  readily  palpated,  and 
exploratory  section  is  easily  accomplished,  as  will  be 
extensively  discussed  in  the  chapter  devoted  to  the 
Technique  of  Brain  Surgery.  (Page  149.) 


General  Considerations  Regarding  Brain 
Surgery 

Leptomeningitis  Chronica,  Oedema  of  the  Arachnoid 

After  the  dural  flap  has  been  displaced  the  brain 
surface  comes  into  view.  The  meshes  of  the  arach- 
noid are  in  greater  part  removed  with  the  dura,  and, 
indeed,  are  not  visible  on  the  brain  surface  unless 
oedema  or  inflammatory  exudate  is  present.  Chronic 
leptomeningitis  usually  manifests  itself  in  the  form 
of  several  broad  grayish  stripes  contiguous  to  the 
vessels.  At  times  small  white  spots  or  thick  yellow 
flakes  are  present,  as  shown  in  Plate  II,  Fig.  a. 

This  illustration  represents  a  case  of  Jacksonian 
epilepsy  in  a  boy  of  twenty,  and  may  be  regarded  as 
characteristic  of  oedema  of  the  arachnoid.  The  cere- 
bral cortex  is  barely  visible,  the  vessels  of  the  pia, 
especially  the  veins,  shimmer  dimly  through  the 
exudate  as  though  obscured  by  a  veil.  However, 
the  convolutions  are  still  recognizable.  If  the  exu- 
date increases  these,  too,  are  obliterated  as  shown  in 
Plate  II,  Fig.  b.  This  case  was  one  of  Jacksonian 
epilepsy  in  a  girl  of  twelve  and  a  half  years.  (Obser- 
vation I,  8.)  The  oedema  of  the  arachnoid  must  be 
removed  before  the  brain  substance  is  invaded.  This 
is  accomplished  by  multiple  puncture  and  if  neces- 
sary scarification  of  the  area  with  a  sharp-pointed 
knife  lightly  introduced.  The  openings  should  be 
made  at  the  most  dependent  part  of  the  exposed  sur- 


Fedor  Krause,  Surgery  of  the  Brain 


Tab.  II. 


Fig.  a. 


Fig.  b. 


Rebman  Company,  New  York 


OEDEMA  OF  THE  ARACHNOID  .53 

face,  and  the  discharge  of  fluid  may  be  enhanced  by 
slight  pressure  with  gauze.  Presently  the  convolu- 
tions and  fissures  of  the  brain  became  defined.  In 
making  the  punctures  the  blood  vessels  should  be 
carefully  avoided.  Especially  does  this  apply  to  the 
veins,  for  should  one  of  them  be  opened  a  bloody 
infiltrate  invades  immediately  the  surrounding  tis- 
sues, obscuring  the  field  and  rendering  identification 
of  the  areas  impossible.  The  operative  field  of  the 
brain  tissue  is  always  covered  by  the  pia  mater. 
Separation  of  the  latter  from  the  underlying  cortex  is 
impracticable.  The  attempt  to  remove  the  pia 
always  results  in  trauma  to  the  cortex,  and  the  inter- 
ruption of  the  circulation  gives  rise  to  extensive  dis- 
turbances of  nutrition  in  the  contiguous  brain  sub- 
stance, a  contingency  which  must  be  avoided. 

In  a  considerable  number  of  cases  the  dura  will  be 
found  firmly  adherent  to  the  underlying  tissues,  and 
the  incised  dura  will  not  permit  of  the  formation  of  a 
flap.  However,  as  in  these  instances  the  brain  tissue 
underneath  is  always  involved  in  the  pathological 
process,  this  condition  is  taken  up  and  discussed  to- 
gether with  the  technique  of  surgical  manipulations 
of  the  brain  itself. 

Treatment  of  Cysts 

Arachnoid  Cysts 

The  treatment  of  arachnoid  cysts  is  a  simple  mat- 
ter. They  are  generally  the  outcome  of  chronic 
inflammatory  processes  or  are  the  sequelae  of 
trauma.  The  former  kind  of  cyst  is  shown  in  Plate 
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III.  Fig.  a.  in  a  characteristic  representation.  The 
illustration  depicts  a  patient  twenty-five  years  of  age. 
When  the  posterior  cranial  fossa,  on  the  right  side, 
was  opened  the  dura  was  found  to  be  much  thick- 
rued  as  a  result  of  chronic  inflammation.  (Observa- 


Fig.  18 

tion  VII,  2.)  Turning  clown  of  the  dura  flap  showed 
the  thickening  extending  from  the  dura  to  the  under 
surface  of  the  tentorium  (Fig.  18).  The  distended 
cyst  did  not  become  visible  until  the  cerebellar  hem- 
isphere was  displaced  outward  and  was  found  to  lie 
in  contact  with  the  inferior  vermis.  The  cyst  wall 
was  quite  thin  and  of  a  bluish  violet  color.  The 
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posterior  wall  of  the  cyst  was  incised  and  in  greater 
part  removed.  The  opening  liberated  a  large  quan- 
tity of  clear  fluid.  The  base  of  the  space  thus  ex- 
posed was  formed  by  the  cerebellar  hemisphere  cov- 
ered with  pia  mater.  The  latter  was  somewhat  livid 
in  appearance,  but  beyond  this  did  not  present  any 
visible  pathological  alteration.  The  cyst  wall  was 
evidently  formed  by  distended  meshes  of  the  arach- 
noid which  had  been  agglutinated  by  a  chronic  in- 
flammatory process,  and  become  filled  with  fluid. 

In  this  instance  the  wide  opening  of  the  cyst  per- 
mitted of  resection  of  its  walls,  thus  obviating  the 
probability  of  recurrence.  The  patient  made  a  good 
immediate  recovery,  and  examination  at  the  en:l  of 
;i  year  and  a  half  did  not  elicit  any  evidence  of  return 
of  the  affliction. 

A  similar  form  of  inflammatory  cyst  is  found  at 
times  in  cases  of  epilepsy.  In  this  disease  a  more  or 
less  extensive  oedema  of  the  arachnoid  is  not  uncom- 
mon, and  the  accumulation  of  fluid  may  become 
sufficiently  marked  to  constitute  a  cyst  formation. 

To  escape  repetition  this  condition  is  taken  up  in 
the  chapter  on  epilepsy. 

The  second  form  of  arachnoid  cyst  may 
be  regarded  as  the  outcome  of  injury.  The  elas- 
ticity of  the  cranium  will  permit  of  the  causative 
trauma  to  the  contents,  and  the  skull  immediately 
assume  its  normal  outline  without  the  occurrence 
of  fracture,  and,  indeed,  neither  the  X-ray  nor  an 
exploratory  incision  will  demonstrate  any  lesion. 
The  trauma  may,  however,  contuse  the  membranes 
of  the  brain  and  the  cortex,  and  give  rise  to  hemor- 
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rhage,  which  ultimately  develops  into  a  cyst  of  the 
arachnoid. 

A  cyst  of  this  kind  was  found  while  the  writer  was 
<>j •.•rating  on  a  girl  of  twenty-five.  The  patient  had 
been  injured  four  years  before  by  being  struck  on  the 
right  forehead  by  a  wooden  beam.  The  accident 
was  the  outcome  of  the  explosion  of  a  gas  tank,  and 
the  force  of  impact  sufficiently  severe  to  render  the 
patient  unconscious  for  twenty-four  hours.  The 
evidence  of  cerebral  concussion  (headache,  vomiting, 
loss  of  memory  and  vertigo)  disappeared  at  the  cud 
of  several  months.  However,  at  the  end  of  three 
years  the  symptoms  reappeared  with  the  same 
severity.  Examination  revealed  an  exceedingly  ten- 
der spot  about  5  cm.  above  the  supraorbital  ridge. 
Neither  a  skiagram  nor  the  operation  revealed  a  frac- 
ture, nor  was  there  any  evidence  of  infarct  demon- 
strable. 

Trephining  over  the  right  frontal  eminence  showed 
the  dura  at  a  point  corresponding  to  the  superficial 
tenderness  firmly  adherent  to  the  lamina  vitra.  Sev- 
eral yellowish  deposits  in  the  tissues  of  the  dura  were 
also  to  be  seen.  These  evidently  consisted  of  pig- 
ment from  an  old  contusion.  The  dura  did  not  pul- 
sate, but  was  not  markedly  distended.  Needle  punc- 
ture released  a  considerable  quantity  of  cerehro- 
spinal  fluid,  the  flow  of  which  was  readily  arrested 
by  gentle  pressure.  A  dural  flap  was  made  and 
turned  aside.  Despite  the  fact  that  considerable 
fluid  had  been  discharged,  the  arachnoid  was  still 
markedly  oedematous  over  an  area  corresponding  to 
the  sight  of  the  original  trauma.  The  fluid  had  col- 
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lected  in  the  form  of  a  cyst  which  originated  from  one 
of  the  fissures  of  the  frontal  lobe,  in  much  the  same 
manner  as  in  the  case  just  related.  The  treatment 
consisted  in  removal  of  the  entire  anterior  arachnoid 
wall  after  the  fluid  had  been  removed,  leaving  the 
depression  of  the  frontal  lobe  corresponding  to  the 
cyst  area  covered  with  pia  mater. 

To  determine  the  possibility  of  the  presence  of 
brain  cyst  the  needle  was  driven  into  the  contiguous 
brain  substance  in  several  places  to  the  depth  of  4  cm. 
However,  only  normal  brain  substance  was  aspirated. 
The  condition  was  undoubtedly  the  outcome  of  the 
injury  of  four  years  before,  when  the  brain  was  no 
doubt  contused.  Had  the  process  been  located  over 
the  motor  cortical  zone  a  Jacksonian  epilepsy  would 
most  probably  have  been  the  result;  being,  however, 
located  over  the  frontal  lobe  only  the  general  symp- 
tomatology stated  above  occurred.  The  dural  flap 
w;is  replaced  and  held  in  apposition  with  two  sutures 
introduced  at  each  corner,  and  amply  covered  the 
depression  in  the  brain.  The  osteoplastic  flap  was 
accurately  sutured  and  primary  union  of  the  wound 
obtained. 

Ecchinococcus  cysts  occur  also  in  the  arachnoid. 
They  are,  however,  extensively  taken  up  in  the  next 
chapter. 

Cysts  of  the  Brain 

Cysts  involving  the  brain  by  extension  or  develop- 
ing in  the  brain  substance  itself  are  of  several  kinds. 
The  most  important  causative  factors  relate,  as  in 
the  arachnoid,  to  trauma  and  chronic  inflammatory 
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processes.  The  products  of  encephalitis,  if  not  ab- 
sorbed, may  exist  to  a  sufficient  extent  to  closely  siin- 
„!,,,,.  I1(,,piasn,a.  Occasionally  puncture  and  aspi- 
,..,,!„„  ()f  „  focitf  of  this  sort  not  alone  clears  up  the 
diagnosis,  hut  in.-iy  cause  absorption  of  tl.e  exudate 
and  result  in  relief. 

I  have  frequently  found  both  cortical  and  sub- 
,.,,,-ti,.;,!  meningo-cephalie  cysts  in  cases  of  infantile 
paralysis  while  operating  for  co-existing  epile]>sy. 
As  these  conditions  form  an  important  etiological 
factor  discussion  of  this  form  of  cyst  is  taken  up 
under  a  separate  head.  Neoplasms,  especially  sar- 
comata, have  at  tunes  a  tendency  to  undergo  cystic 
degeneration,  and  occasionally  form  large  solitary 
c\sts.  In  some  instances  neoplasms  are  surrounded 
by  cavities  which  are  filled  \vith  a  bloody  fluid.  More 
rarely  parasitic  cysts,  such  as  the  hydatid,  are  found 
in  the  brain,  and  again  in  a  certain  number  of  cases 
the  origin  of  cysts  is  not  discoverable. 

The  treatment  of  brain  cysts  depends  upon  the 
nature  of  the  cyst  wall  and  their  etiology,  and  are 
therefore  taken  up  under  separate  heads. 

Brain  Cysts  with  Connective  Tissue  Walls 

In  all  forms  of  cysts  healing  eventuates  if  the  con- 
tents be  removed,  and  re-accumulation  is  prevented. 
This  means,  of  course,  that  simple  aspiration  will 
not  accomplish  the  purpose,  as  the  walls  of  the  cavity 
are  much  thickened  as  the  outcome  of  prolonged  dis- 
tention  with  fluid,  and  do  not  collapse  when  the 
contents  are  withdrawn.  The  most  certain  method  of 
treatment  is  to  freely  incise  the  cyst  and  to  drain  or 
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tampon,  thus  provoking  collapse  of  the  walls  and 
obliteration  by  granulation.  The  technique  of  the 
procedure  is  shown  in  the  following  ca.-c  :  On 
October  19th,  1907,  1  trephined  for  epilepsy  a  boy  of 
seventeen  (Observation  II,  (>),  exposing  the  left  sen- 
somotor  region.  The  brain  did  not  present  any 
altc'-ations  nor  was  there  any  indication  of  deep- 
seated  lesion.  January  16th,  190H,  a  sudden  and 
raj.idlv  increasing  cerebral  compression  necessitated 
re-exposure  of  the  left  central  region.  Incision  at  the 
upper  portion  of  the  old  flap  exposed  at  once  the 
brain  substance,  as  the  dura  had  retracted  at  this 
point;  however,  at  the  sides  the  dura  was  intact. 
The  osteoplastic  Hap  was  raised  from  the  dura  with 
tl:e  finder  and  raspatorinm  without  further  injury  to 
this  membrane.  The  bruin  extruded  from  the  inci- 
sion at  the  upper  edge  of  the  exposed  area  to  the 
extent  of  a  thumb's  breadth.  The  distended  dura 
bulged  about  1  cm.  above  the  edges  of  the  trephine 
opening.  Beyond  several  yellowish  spots,  evidently 
hemorrhagic  areas,  the  result  of  the  h'rst  operation, 
the  dura  did  not  present  any  abnormality. 

As  the  dura  gave  manifest  evidence  of  fluctuation, 
the  aspirator  needle  was  introduced  and  a  trans- 
parent amber-colored  fluid  made  its  appearance  flow- 
ing in  a  rather  forcible  stream.  The  fluid  was  pre- 
served for  examination.  \Vith  the  needle  left  in  xitu 
as  a  guide  I  opened  a  cyst  with  an  incision  about 
3  cm.  in  length,  dividing  longitudinally  the  cortex 
of  the  brain.  The  bleeding  was  inconsiderable  and 
did  not  call  for  special  measures  of  hemastasis.  The 
cyst  was  of  enormous  size,  and  extended  from  the 
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central  region  forward  and  inward  to  the  depth  of 
7-,' mm.  The  first  100  cm.3  of  the  fluid  remained 
clear,  the  remaining  100cm.3  of  fluid,  which  were 
removed  with  a  spoon,  was  of  cloudy  serous  appear- 
ance. The  outer  part  of  the  cyst  "was  lined  with  a 
thin  membrane,  which  was  removed  by  blunt  dissec- 
tion. Beneath  this  membrane  the  brain  presented 
yellowish  spots  which  looked  as  though  they  were 
areas  of  old  hemorrhagic  infiltration. 

Parasitic  origin  of  the  cyst  was  excluded  on  the 
ground  that  single  ecchinococcus  cyst  never  attains 
the  dimensions  manifest  in  this-  case,  and  micro- 
scopical examination  did  not  reveal  the  characteristic 
hooklets.  In  this  case  complete  excision  of  the  cyst 
wall  was  impossible.  The  microscopical  and  chem- 
ical examinations  substantiated  the  conclusion  ar- 
rived at,  at  the  operation,  that  the  cyst  was  a  simple 
one,  the  walls  of  which  consisted  of  connective 
tissue.  The  inner  walls  presented  a  velvety  surface 
and  were  brownish  red  in  color.  After  careful  dry- 
ing of  the  cavity  with  gauze  it  was  loosely  filled  with 
vioform  gauze  (5  cm.  wide)  of  which  5  m.  were  re- 
quired for  the  purpose  despite  the  fact  that  the  cyst 
wall  had  considerably  shrunken  as  the  outcome  of 
release  of  the  fluid  contents. 

To  make  smaller  the  cyst  opening  and  to  facilitate 
after  treatment  I  fastened  the  edge  of  the  incision  in 
the  cavity  to  the  skin  at  the  anterior  portion  of  the 
superficial  wound  and  removed  a  corresponding  area 
of  bone  with  the  biting  forceps  of  the  size  of  a  silver 
quarter  of  a  dollar.  The  rest  of  the  flap  was  held  in 
place  with  approximation  sutures  in  the  usual  man- 
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ner.  The  vioform  gauze  tampon  was  led  out  of  this 
opening,  and  an  additional  smaller  gauze  drain 
inserted. 

On  January  20th  the  gauze  tampon  was  removed 
and  replaced  by  a  drain,  the  length  of  the  index 
finger.  No  secretion  was  discharged  at  this  time. 
At  subsequent  dressings,  made  every  four  or  five 
days,  a  small  quantity  of  yellowish  white  discharge 
occurred  which  had  accumulated  to  the  level  of  the 
drain.  At  each  dressing  the  drains  were  shortened 
about  1  cm.  The  shorter  one  was  removed  on  Feb- 
ruary 1st,  the  longer  one  on  February  18th.  Four 
days  later  the  wound  closed,  and  the  following  day 
the  patient  left  the  bed. 

All  cysts  the  walls  of  which  consist  of  connective 
tissue  or  altered  brain  substance  should  be  treated 
in  the  manner  just  described.  However,  drainage  is 
not  always  easily  accomplished,  as  the  cyst  may  be 
deeply  located  in  the  brain,  especially  when  present 
in  the  cerebrum.  However,  in  all  instances,  the 
cyst  should  be  punctured  and  an  effort  made  to  keep 
it  empty,  so  that  collapse  and  healing  by  granula- 
tion may  take  place.  Frequently,  the  manifestation 
of  dangerous  symptoms  force  an  effort  in  this  direc- 
tion. An  example  of  what  may  be  attained  under 
exceedingly  unfavorable  anatomic  conditions  is  as 
follows.  (Observation  IV,  2.)  A  five-year-old  girl 
gave  a  history  of  previous  discharge  of  pus  from  the 
right  ear.  The  drum  showed  evidence  of  old  disease. 
The  right  side  of  the  skull  and  especially  the  regions 
over  the  squamous  plate  and  mastoid  process  of  the 
temporal  hone  were  exceedingly  tender.  Expos- 
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ure    of    the    mastoid    cells    showed    them    to    be 

bealthy. 

The  skull  was  opened  above  the  mastoid  pro- 
cess with  the  biting  forceps  and  chisel,  sacrificing 
the  bone.  The  dura  was  distended  and  did  not 
pulsate.  The  first  three  punctures  into  the  temporal 
and  occipital  lobes  were  negative  of  result.  The 
fourth  directed  forward  and  upward  after  reaching 
the  depth  of  65  mm.  resulted  in  the.  discharge  of 
10  cm.3  of  reddish  yellow  fluid.  The  fluid  coagu- 
lated in  a  'few  moments,  showing  it  to  be  the  con- 
tents of  a  cyst  and  not  from  the  ventricle.  The  deep 
location  of  the  cyst  permitted  only  of  drainage  by 
passing  the  knife  along  the  puncture  needle  into  the 
cavity.  The  canal  was  held  open  with  two  small 
retractors  and  a  drainage  tube  inserted.  The  rest  of 
the  wound  wras  tamponed  with  vioform  gauze.  The 
drain  was  gradually  shortened  and  entirely  removed 
at  the  end  of  fourteen  days.  At  first  a  considerable 
discharge  of  fluid  was  maintained,  but  this  ceased 
entirely  at  the  end  of  six  weeks.  Four  months  later 
the  entire  wound  was  scarred  over.  The  severe 
symptoms  which  had  existed  for  two  years  (see  clini- 
cal history)  gradually  subsided  and  the  child  made  a 
complete  recovery. 

Traumatic  Brain  Cysts 

Cysts  caused  by  trauma  result  from  infiltration  of 
blood  and  disintegrated  brain  substance,  or  a  com- 
bination of  both  of  these  factors.  In  either  instance 
absorption  has  not  taken  place.  Hemorrhage  is 
much  more  frequent  in  the  cerebrum  than  in  the 
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cerebellum,  and  consequently  cysts  are  more  rarely 
developed  in  the  latter. 

The  method  of  operative  technique  is  illustrated  in 
the  following  case,  which,  however,  possess  value 
for  other  reasons.  The  patient,  a  girl  of  twenty- 
three  (Observation  VII,  1),  had  developed  two  cere- 
bellar  cysts,  one  in  either  hemisphere.  As  the  process 
could  not  be  located  definitely  in  one  lobe  I  exposed 
both  posterior  fossie  on  January  15th,  1907.  The 
dura  bulged  over  both  lobes,  slightly  more  on  the 
right  side  than  on  the  left,  and  did  not  pulsate.  The 
two  occipital  lobes,  palpable  immediately  above  the 
transverse  sinus,  were  manifestly  softer  to  the  touch 
than  the  cerebellar  lobes.  The  dura  was  punctured 
in  several  places.  The  first  at  the  point  of  greatest 
indentation  between  the  two  hemispheres  and  the 
medulla  oblongata.  (Fig.  19,  1.)  When  the  point 
of  the  needle  reached  a  depth  of  13  mm.  (the  center 
of  the  lumen  exactly  9  mm.)  a  clear  yellowish  fluid 
appeared  of  which  17  cm.'  was  aspirated.  Fluid  con- 
tinued to  flow  from  the  puncture  hole  after  the  needle 
was  withdrawn.  The  fluid  coagulated  as  soon  as  it 
cooled.  The  chemical  examination  (Doctor  Eichler) 
showed  that  the  fluid  contained  a  large  quantity  of 
albumin  and  a  considerable  amount  of  nucleoalbu- 
min.  Ventricular  fluid  contains  very  little  albumin 
and  does  not  give  the  nucleoalbumin  reaction.  No 
sugar  was  found  in  the  fluid  while  the  chloride  reac- 
tion was  marked.  This  justified  the  conclusion  that 
the  fluid  came  from  a  cyst.  Punctures  2  and  3  (Fig. 
19),  did  not  bring  forth  any  fluid. 

After  emptying  of  the  cyst  the  dura  over  the  right 
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lobe  showed  pulsation  and  collapsed  so  markedly  as 
to  become  wrinkled.  With  each  respiration  it  flapped 
like  a  loose  sail  in  the  wind.  The  dura  over  the  left 
lobe,  however,  pulsated  but  feebly  and  remained 
quite  tense.  At  this  time  the  patient's  pulse  became 


Fig.  19 
Arch  of  Atlas 

alarmingly  feeble  and  the  operation  was  halted.    The 
osteoplastic  flap  was  sutured  back  into  place. 

The  symptoms  did  not  improve  after  the  collapse 
from  the  operation  had  been  overcome,  as  the  out- 
come of  the  puncture,  indeed  they  increased  in 
severity.  Fourteen  days  later,  on  January  29th, 
both  cerebellar  hemispheres  were  exposed  together 
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with  division  of  the  occipital  sinus,  as  described  on 
page  43  et  seq.  (Plate  III,  Fig.  C.)  Puncture  to 
the  depth  of  2  cm.  of  the  left  lobe  of  the  cerebellum 
withdrew  the  same  kin  1  of  clear  yellowish  fluid  pre- 
viously obtained  from  the  right  lobe.  Puncture  of 
the  right  lobe  made  at  this  sitting  gave  a  negative 
result.  The  fluid  coagulated  at  once.  With  the 
needle  left  in  situ  a  transverse  incision  several  centi- 
meters in  length  and  2$  cm.  in  depth  was  made,  open- 
ing a  cavity  the  walls  of  which  gave  no  evidence  of 
pathological  changes  to  the  naked  eye.  No  con- 
nective tissue  nor  cyst  sac  was  present.  The  cavity 
\\.is  filled  with  vioform  gauze  (page  164.) 

The  right  cerebellar  lobe  showed  at  its  lower 
median  aspect,  between  the  puncture  sights  of  the 
first  operation,  a  whitish  thickening  of  the  arachnoid. 
After  double  ligature  and  division  of  a  large  vein  an 
incision  3  cm.  in  depth  was  made  between  puncture 
holes  1  and  3.  The  latter  were  readily  recognized 
by  the  presence  of  small  adherent  clots  correspond- 
ing to  the  places  of  the  original  puncture  holes.  The 
incision  exposed  a  cyst  cavity  which  was  quite  empty 
as  the  result  of  the  first  aspiration,  and  the  walls  of 
which  were  similar  to  those  of  the  cyst  on  the  left 
side. 

The  wound  was  closed  by  suturing  except  for  the 
two  lower  angles  where  the  gauze  tampons  and  an 
additional  drain  emerged.  Two  days  later  a  por- 
tion of  the  tampon  was  withdrawn,  at  which  time  a 
moderate  amount  of  clear  fluid  was  discharged. 
Three  days  later  all  drains,  tampons  and  sutures 
were  removed.  No  fluid  appeared  at  this  sitting. 
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On  the  eleventh  day  bleeding  from  the  cyst  cavity  in 
the  left  cerebellar  lobe  made  it  necessary  to  reopen 
the  wound.  The  subject  of  secondary  hemorrhage 
is  taken  up  in  the  chapter  devoted  especially  to  this 
occurrence.  The  patient  recovered  without  further 
unfavorable  manifestations. 

Parasitic  Cysts 

Parasitic  cysts  are  best  treated  by  removal  of  the 
cyst  wall,  and  this  should  be  accomplished  if  at  all 
possible.  The  technique  is  illustrated  by  the  follow- 
ing case.  A  laborer,  thirty-one  years,  of  age,  came 
under  observation  for  a  tumor  which  had' been  diag- 
nosticated as  situated  in  the  right  central  region.  An 
acute  cerebral  compression  had  suddenly  developed 
and  was  sufficiently  severe  to  render  the  patient  quite 
comatose.  Indeed,  the  coma  was  so  profound  as  to 
make  the  use  of  only  a  small  quantity  of  chloroform 
necessary. 

The  region  of  the  fissure  of  Rolando  was  exposed 
by  osteoplastic  resection  of  the  skull.  The  dura  was 
tense  and  did  not  pulsate.  It  was  intended  to  open 
the  dura  with  a  crucial  incision.  The  first  perpen- 
dicular incision  of  the  dura  punctured  a  cyst  cavity 
which  promptly  collapsed  as  the  contents  were  dis- 
charged. The  dura  pulsated  at  once  after  the  fluid 
had  escaped,  which  occurred  in  a  rather  forcible 
stream.  A  second  incision  into  the  dura,  made  cross- 
wise, formed  four  flaps  which  were  reflected,  and  the 
cyst  wall  was  now  incised  in  a  perpendicular  direc- 
tion, enlarging  the  puncture  made  while  incising  the 
dura  in  the  first  instance.  The  cyst  cavity  was  about 
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the  size  of  a  plum,  and  was  situated  in  the  anterior 
central  convolution,  in  the  hand  center.  The  cortex 
was  at  the  thinnest  portion  covering  the  cyst  about 
1£  to  2  mm.  in  diameter.  The  cyst  was  lined  with  a 
thin  whitish  gray  membrane,  which  was  enucleated 
in  toto  without  difficulty. 

The  distal  portion  of  the  cyst  wall  seemed  to  con- 
sist of  normal  brain  tissue  which  bulged  into  the 
cavity  made  vacant  by  enucleation  of  the  cyst.  This 
was  punctured  with  the  result  that  fluid  of  the  same 
character  as  was  discharged  at  the  first  puncture 
s(|iiirted  forth.  Perpendicular  incision  of  this  wall 
disclosed  the  presence  of  a  second  larger  cyst,  which 
was  lined  with  a  smooth  membrane  and  extended 
about  6  cm.  forward,  downward  and  inward.  Judg- 
ing from  its  direction  it  might  have  been  regarded  as 
a  distended  lateral  ventricle ;  however,  the  lining 
membrane  proved  it  to  be  a  parasitic  cyst.  The 
membrane  was  removed  in  two  sections.  A  drain 
was  inserted  into  the  deeper  cavity  and  both  cavities 
loosely  packed  with  gauze.  The  brain  collapsed  to 
a  considerable  extent  after  the  cysts  were  opened,  per- 
mitting of  apposition  of  the  dura.  The  space  between 
the  osteoplastic  flap  and  the  dura  was  about  the  size 
of  a  child's  fist.  This  was  also  loosely  packed  with 
iodoform  gauze.  The  patient  withstood  very  well 
the  operation,  which  required  an  hour  and  a  half. 

The  microscopical  examination  showed  the  cyst 
to  be  a  multiple  hydatid.  Indeed,  the  patient  ulti- 
mately died  from  the  occurrence  of  multiple  hydatid 
cyst  in  the  basal  ganglia  of  the  brain  (Observation 
II,  7). 
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Ilydatid  cysts  rarely  reach  the  size  found  in  this 
case  and  can,  therefore,  usually  be  removed  provided 
they  be  located  in  an  accessible  portion  of  the  brain. 
However,  with  ecchinococcus  cyst,  even  when  situated 
in  the  convex  portion  of  the  cerebrum,  the  involve- 


Fig.  20 

Cysticeruscyst  of  the  Anterior  Central  Convolution,  opened  by 

Vertical  Incision 

Details  in  text 

The  Dural  flaps  formed  by  the  cross  incisions  are  not  shown  to 
enhance  clearness.      (Half  schematic) 

ment  of  brain  tissue  may  be  so  extensive  as  to  pre- 
clude removal.  In  these  instances  it  is  only  possible 
to  incise  and  tampon  the  cavity.  The  incision  in 
the  cyst  should  be  made  as  in  the  case  described  on 
page  59,  so  as  to  isolate  its  cavity  from  the  rest  of 
the  wound,  thus  permitting  of  subsequent  irrigation 
with  largely  diluted  Lugol  solution. 
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Cysts  with  Tumors 

In  a  subsequent  chapter  discussion  will  be  entered 
into  of  the  enucleation  of  a  subcortical  gliosarcoma 
situated  in  the  white  matter  beneath  the  motor  area 
which  was  complicated  by  the  presence  of  a  hemor- 
rhagic  cyst.  This  kind  of  cysts,  which  are  the  out- 
come of  bleeding  and  cerebral  softening,  rarely  reach 
great  size  and  may  be  regarded  as  incidental  to  the 
tumor  formation  and  of  secondary  importance. 

On  the  other  hand  cystic  degeneration  of  solitary 
neoplasms  of  the  cerebellum  are  not  uncommon,  and 
the  observer  would  be  apt  to  regard  the  process  as 
simple  serous  cysts  did  not  the  microscope  demon- 
strate this  conclusion  as  fallacious.  Williamson1 
first  called  attention  to  this  fact,  and  the  possibility 
of  error  in  this  regard  is  to  be  especially  borne  in  mind 
when  making  exploratory  puncture. 

In  many  instances  nodules  composed  of  new  tissue 
have  been  found  in  the  walls  of  the  cysts  and  on  other 
occasions  cystic  degeneration  has  been  located  in  the 
interior  of  neoplasms.  The  preparation  depicted  on 
Plate  IV.,  Fig.  a,  taken  from  a  seven-year-old  girl, 
shows  how  a  sarcoma  or  glioma  may  undergo  exten- 
sive cystic  degeneration.  In  this  instance  the  pro- 
cess is  multilocular  in  character. 

In  all  cases  in  which  neoplasms  have  undergone 
cystic  degeneration  the  entire  new  formation,  to- 
gether with  the  contiguous  brain  tissue,  must  be 
removed.  A  more  comprehensive  discussion  of  this 
problem  follows  in  subsequent  sections  of  this  work. 

1  Serous  Cysts  in  the  Cerebellum.  The  International  Journal  of  Medical 
Science*,  1892. 
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Mention  is  here  made  of  cysts  of  the  cerebellum 
which  are  the  outcome  of  dilatation  of  the  fourth 
ventricle.  In  these  cases  a  communication  exists 
between  the  ventricle  and  the  sacculated  cavity  repre- 
senting the  cyst.  The  sacculation  is  at  first  only 
slight,  increases,  however,  gradually  until  the  dilata- 
tion extends  from  the  vermis  into  the  lateral  lobes. 
Virchow  reports  a  case  of  this  sort  in  his  "Pathologi- 
cal Growths,"  1863,  and  Clarus  reports  another  in 
his  "Inaugural  Dissertation  on  Cysts  of  the  Cerebel- 
lum," Wiirzburg,  1874.  Dermoid  cysts  have  occa- 
sionally been  observed  in  the  cerebellum. 

To  summarize  the  treatment  of  cysts,  if  they  be 
not  the  outcome  of  degenerative  process  in  neo- 
plasms, the  cyst  wall  should  be  excised,  if  possible, 
when  dealing  with  parasitic  cysts.  If  this  be  impos- 
sible the  cavity  should  be  opened  sufficiently  wide 
to  permit  of  loose  tamponade,  and  eventually  irri- 
gated with  iodine  solution.  The  same  procedure  is 
advised  with  regard  to  cysts  with  connective  tissue 
walls,  while  in  the  case  of  simple  cysts  without  a  sac 
a  short  tamponade  and  drainage  will  be  all  that  is 
necessary  to  achieve  obliteration. 


Tumors 

Those     Emanating    from    the     Brain     Membranes    and 
Involving  the  Brain  Substance  by  Extension 

In  presenting  the  subject  it  seems  to  me  most  de- 
sirable that  the  various  steps  of  the  procedure  be 
described  in  the  sequence  as  the  contingencies  occur 
upon  the  operating  table.  Of  course,  lesions  which 
are  associated  with  each  other  cannot  be  separately 
considered  if  they  are  the  outcome  of  complications 
dependent  upon  the  same  cause,  though  they  may  be 
situated  in  different  parts  or  at  different  levels  of  the 
brain  substance. 

However,  this  chapter  cannot  be  restricted  to  the 
simple  technique  of  operative  procedure.  Fre- 
quently the  method  of  operating  is  determined  by 
the  pathological  findings  disclosed  during  the  opera- 
tion, and  for  this  reason  I  will  per  force  enter  into  a 
consideration  of  the  problem  from  this  view-point. 
I  will  also  take  up  a  few  afflictions  which  do  not 
originate  in  the  brain,  but  involve  it  by  extension, 
yet  are  not  of  sufficient  surgical  import  to  warrant 
consideration  in  a  separate  chapter,  as  for  instance, 
tuberculosis  of  cranial  bones  which  is  taken  up  in 
this  chapter. 

Tumors  which  originate  from  the  inner  table  of 
the  cranium,  the  dura  mater,  arachnoid  and  pia 
mater  are,  as  a  general  rule,  benign  in  character,  and 
are  most  frequently  fibromata  or  fibrosarcomata. 
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However,  they  do  grow  into  the  central  organ  and  at 
times  give  rise  to  all  the  symptoms  of  intracranial 
pressure.  They  push  the  brain  before  them  and  form 
a  cavity  or  depression,  the  floor  of  which  consists 
of  a  much  thinned  out  layer  of  cortical  substance, 
while  the  tumor  itself  is,  in  the  vast  majority  of 
instances,  covered  by  a  distinct  capsule.  At  times, 
a  narrow  interval  exists  between  the  invading  tumor 
and  the  brain,  as  clearly  shown  in  Plate  IV,  Fig.  b. 
This  specimen  was  taken  from  a  bartender,  aged 
forty-one.  (Observation  II,  3.) 

The  outer  layer  of  the  dura  may,  as  the  result 
of  the  increasing  growth  of  the  tumor  (which  in 
most  instances  takes  place  toward  the  brain),  be 
involved  as  the  outcome  of  chronic  inflammation  due 
to  irritation  from  the  tumor.  This  was  shown  in  the 
case  just  mentioned  at  the  autopsy.  The  extent  of 
the  process  manifesting  itself,  before  the  dura  was 
opened,  by  the  wart-like  elevation  of  the  membrane 
and  its  dark  color.  (Plate  IV,  b.) 

As  the  dura  is  really  the  inner  periosteum  of  the 
cranium  it  is  easy  to  understand  how  chronic  inflam- 
mation of  this  membrane  gives  rise  to  the  growth  of 
new  bone.  For  this  reason  the  same  patient  shows 
the  bone  immediately  overlying  the  tumor  thickened 
to  the  diameter  of  21  mm.  (Fig.  21.)  In  addition, 
the  patient  presented  an  elevation  above  the  frontal 
eminence  corresponding  to  the  tumor,  the  size  of  a 
goose  egg,  which  was  covered  with  normal  skin  save 
that  the  latter  was  considerably  thinned  out  over  the 
dome  of  the  mass.  This  case  is  one  of  a  rare  in- 
stance in  which  a  brain  tumor  enclosed  in  a 
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proper    capsule    made    its     appearance    externally. 
(Fig.  22.) 

It  is  to  be  regretted  that  the  patient  did  not  come 


Fig.  21 

under  observation  at  an  earlier  stage  of  the  disease. 
He  had  been  seriously  ill  for  five  years  and  died  of 
double  pneumonia  four  days  after  being  operated 
upon.  At  the  autopsy  the  dura  was  incised  and 
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turned  over  the  brain  in  the  usual  manner.  The 
tumor,  which  was  the  size  of  a  mandarin  (6.6.5 
cm.)  was  so  firmly  adherent  to  the  dura  that  it  was 
lifted  from  its  bed  in  the  right  frontal  lobe  without 
further  effort.  It  was  not  adherent  to  the  brain, 


Fig.  22 

and  could  just  as  readily  have  been  removed  during 
life.  The  remaining  cavity  was  as  smooth  as  the 
acetabulum  and  lined  with  pia  mater  and  a  thin 
layer  of  cortical  brain  substance.  (Plate  IV,  b.) 
Besides  the  displacement  of  the  cortex  the  white  sub- 
stance was  pushed  downward,  not  sufficiently,  how- 
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ever,  to  cause  any  deformation  of  the  anterior  horn 
of  the  lateral  ventricle. 

Visible  alteration  of  the  dura  does  not  frequently 
occur  in  this  class  of  cases.  After  exposing  the  dura 
palpation  will  demonstrate  the  presence  of  harden- 
ing, as  shown  in  a  case  subsequently  to  be  related. 
This  may,  of  course,  not  be  particularly  marked,  being 
dependent  upon  whether  the  growth  has  a  broad  base 
or  is  attached  to  the  dura  by  a  narrow  pedicle. 

Only  in  rare  instances  may  tumors  be  removed 
with  simple  traction  upon  the  dura,  as  obtained  in 
the  case  just  quoted.  They  are  always  firmly 
adherent  to  the  dura.  However,  the  formation  of  a 
dural  flap  will  not  permit  of  immediate  delivery  of 
the  tumor  from  its  bed.  In  order  to  obtain  a  view 
of  the  extent  of  the  process  and  the  surface  of  the 
brain,  the  mass  should  be  enucleated  together  writh 
the  dura  with  the  knife,  scissors  or  by  blunt  dissec- 
tion. Fragments  of  the  tumor  are  very  apt  to  be  left 
behind  in  this  way.  The  method  is  readily  under- 
stood by  a  study  of  Plate  V,  which  illustrates  how 
much  more  advantageous  it  is  to  make  a  single  flap 
than  to  open  the  dura  by  a  crucial  incision  and  the 
formation  of  four  smaller  flaps.  In  the  case  of  a 
merchant  (thirty-five  years  of  age;  Observation  VI, 
1),  the  usual  symptoms  of  cerebral  compression  were 
accompanied  by  pain  in  the  posterior  portion  of  the 
head  and  neck,  right  hemianopsia,  hypera?sthesia, 
ataxia  and  partial  paralysis  of  the  right  side  of  the 
body.  H.  Oppcnheim  diagnosticated  a  neoplasm 
in  the  left  occipital  lobe. 

On  June  9th,  1906,  I  exposed  the  brain  by  means 
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of  an  osteoplastic  flap,  making  the  dural  flap  with 
its  base  toward  the  longitudinal  sinus  (as  I  antici- 
pated working  in  this  region)  in  order  to  avoid  the 
large  veins  of  the  pia,  which  are  located  in  the  imme- 
diate vicinity  of  the  sinus.  The  dura  was  incised, 
beginning  at  the  left  upper  angle  of  the  wound, 
and  the  incision  carried  horizontally  to  the  longitu- 
dinal sinus.  A  similar  horizontal  incision  was  made 
at  the  lower  aspect  of  the  opening  in  the  skull  and 
these  two  joined  near  the  transverse  sinus  by  a  per- 
pendicular incision.  The  dural  flap  was  then  turned 
up  over  the  median  line  exposing  the  normal  occipital 
lobe,  and  at  the  same  time  bringing  the  tumor  into 
view.  The  neoplasm  was  readily  differentiated  from 
the  surrounding  brain  tissue  by  its  flesh-colored  ap- 
pearance. The  dura  was  separated  from  the  tumor 
by  blunt  dissection  with  the  finger. 

Cortical,  encapsulated  tumors  may  be  removed  with 
the  finger  in  this  manner  in  certain  portions  of  the 
brain  when  the  increased  intracranial  pressure  and 
trauma  consequent  to  the  manipulation  is  not  too 
great.  However,  the  enucleation  must  be  accom- 
plished in  all  portions  of  the  brain  with  great  care, 
and  progress  is  to  be  made  under  the  guidance  of 
preliminary  palpation.  This  was  done  in  our  cast. 
After  detaching  the  dural  flap  I  found  that  the  tumor 
not  only  reached  the  median  line  but  also  extended 
inward  toward  the  cuneus  and  downward  in  the 
brain  substance.  To  find  the  extent  of  involvement 
in  this  direction  I  drew  the  falx  cerebri  carefully 
toward  the  right  side  with  a  flat  tractor;  however,  the 
tumor  extended  beyond  the  area  thus  exposed.  As 
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the  tumor  was  manifestly  harder  in  consistence  than 
the  surrounding  brain  tissue  I  pushed  the  bare 
finger  (the  only  reliable  instrument  available  in  diffi- 
cult cases)  along  the  middle  surface  of  the  left  hem- 
isphere until  the  clearly  defined  limit  of  the  mass  was 
reached.  (Plate  VI,  Fig.  a.)  It  was  necessary  to 
bury  the  index  finger  to  beyond  the  base  of  the  middle 
interphalangeal  joint  to  accomplish  the  purpose. 
With  the  tip  of  the  finger  I  could  feel  the  tumor  loosen 
as  I  made  slight  traction,  and  so  I  was  able  to  lift  its 
sharply  defined  border  and  accomplish  the  enuclea- 
tion,  by  blunt  dissection,  without  provoking  much 
hemorrhage.  The  removal  of  the  tumor  left  a  deep 
cavity  in  the  brain.  This  was  held  open  by  retrac- 
tors to  permit  of  search  for  fragments  of  the  growth 
which  may  have  been  left  behind.  As  none  was  dis- 
covered the  sides  of  the  cavity  were  released  and 
came  together  spontaneously  while  still  under  obser- 
vation of  the  eye.  (Plate  VI,  Fig.  c). 

The  portion  of  dural  flap  which  had  been  adherent 
to  the  tumor  showed  at  the  site  of  adhesion  fragments 
of  the  neoplasm  which  were  excised  (Plate  VI,  Fig.  c, 
dotted  line).  The  remaining  portion  of  the  dural 
flap  was  laid  over  the  site  of  the  cavity  from  which 
the  tumor  had  been  removed,  covering  the  same 
from  the  right  side.  As  the  tumor  had  invaded  the 
brain  to  the  left  and  downward  a  layer  of  normal 
cortical  brain  substance  remained,  and  this  was  also 
replaced  over  the  cavity.  The  osteoplastic  flap  was 
then  sutured  into  place.  The  tumor  measured  32, 
55  by  58  mm.  arid  was  egg-shaped  in  outline.  Fig.  b, 
Plate  VI,  shows  the  tumor  in  natural  size.  Histo- 
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logically  the  neoplasm  proved  to  be  a  spindle-celled 
sarcoma.  After  its  removal  the  exposed  occipital 
lobe  showed  marked  pulsation.  The  recovery  at 
the  end  of  two  years  is  still  complete  and  the  hcni- 
ianopsia  has  entirely  disappeared. 

While  in  the  case  just  described  the  tumor  formed 
a  wide  attachment  to  the  dura  and  was  for  this  reason 
easily  recognized,  the  conditions  are  not  so  favorable 
in  this  regard  when  the  growth  is  attached  to  the 
inner  surface  of  the  dura  by  a  narrow  pedicle.     The 
development  of  the  growth  invades  in  the  latter  in- 
stance more  rapidly,  the  brain  substance  displacing 
it  as  it  grows.     This  obtains  most  certainly  if  the 
neoplasm  grows  into  a  fissure  of  the  brain  which 
happens   to   lie   immediately   beneath   the   point   of 
origin  of  the  tumor.     I  have  seen  this  occur  in  the 
anterior  portion  of  the  brain  in  an  instance  in  which 
the  fissure  of  Sylvius  was  invaded  by  a  tumor  the  size 
of  an  apple,  which  originated  from  a  pedicle  attached 
to  the  inner  surface  of  the  dura  not  wider  than  a  pea. 
The  nature  of  the  growth,  however,  left  no  doubt  as 
to   its   dural   origin.     This   tumor  extended   to   the 
island  of  Reil,  and  was  successfully  enucleated  from 
the   distended    fissure   of   Sylvius.     The   patient,    a 
woman,  aged  thirty-seven  (Observation  IV,  1),  was 
referred  to  me  for  operation  by  H.  Oppenheim  with 
a  diagnosis  of  tumor  in  the  left  cerebral  hemisphere, 
probably    located    in    the    region    of    the    temporo- 
sphenoidal  lobe. 

On  November  8th,  1907,  I  made  a  temporal  osteo- 
plastic  resection.  The  opening  in  the  skull  measured 
symmetrically  8  cm.  on  all  sides.  The  dura  was  tense 
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and  did  not  pulsate  but  was  normal  in  appearance. 
Palpation  developed  a  hard  area  of  the  dura  the  size 
of  the  ringer  nail.  Corresponding  to  the  site  of  local- 
ization of  the  fissure  of  Sylvius,  previously  marked 
out  on  the  scalp  with  nitrate  of  silver,  the  dura  pre- 
sented a  shallow  depression,  several  centimeters  in 
length,  and  the  area  of  hardness  was  palpable  at  a 
point  corresponding  closely  to  the  beginning  of  the 
fissure  of  Sylvius.  Rapidly  increasing  intracranial 
pressure  made  it  imperative  to  open  the  dura  and 
remove  the  tumor  at  the  end  of  twenty-four  hours 
after  trephining,  though  it  had  been  the  original 
intent  to  permit  of  a  longer  lapse  of  time.  The  pa- 
tient at  this  time  was  in  so  profound  a  state  of  coma 
as  to  render  chloroform  narcosis  unnecessary. 

The  tension  of  the  dura  had  increased  and  pulsa- 
sion  was  absent.  In  turning  down  the  dural  flap  it 
was  found  adherent  over  a  small  area  the  size  of  a 
pea  which  extended  into  the  brain  substance.  The 
dura  was  separated  from  the  area  in  order  to  expose 
the  entire  surface  of  the  opening.  The  pea-sized 
area  (Fig.  23  a  and  Fig.  24  a)  was  located  at  the 
anterior  portion  of  the  fissure  of  Sylvius  and  extended 
distally  from  the  flattened  surrounding  convolutions 
which  latter  were  dry  and  hard.  Its  location  cor- 
responded to  the  hard  area  palpated  on  the  dura, 
but  was  slightly  lower  down,  toward  the  base  of  the 
skull,  than  the  point  of  tenderness  of  the  scalp. 
The  pedicle  was  considerably  harder  than  the  sur- 
rounding brain  tissue  and  extended  inward  in  the 
form  of  a  large  tumor,  which  was  covered  above  by 
the  operculum  and  below  by  the  first  temporo- 
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sphenoidal  convolution.  It  had  presumably  dis- 
placed the  island  of  Reil  toward  the  median  line. 
The  somewhat  thickly  encapsulated  tumor  was  lifted 
from  the  fossa  Sylvii  with  the  index  finger  without 
difficulty  and  delivered  from  the  brain.  The  cavity 
left  behind  measured  50  by  50  mm.  As  soon  as  the 
tumor  was  removed  from  the  brain  tissue  a  rather 


Fig.  23 

sharp  arterial  hemorrhage  occurred  which  spurted 
rhythmically  with  the  pulse  beat.  The  bleeding  was 
not  sufficiently  severe,  however,  to  cause  alarm,  and 
was  regarded  as  coming  from  one  of  the  branches  of 
artery  of  the  fossa  of  Sylvius.  The  soft  brain  tissue 
did  not  permit  of  clamping  and  tying  of  the  vessel, 
though  the  bleeding  was  readily  controlled  by  tam- 
ponade  and  slight  pressure. 
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The  delivered  tumor  was  still  adherent  by  several 
penetrating  arachnoidal  vessels  which,  after  deliga- 
tion  and  division,  permitted  of  removal  of  the  growth. 


Fig.  24 

The  small  area  of  attachment  of  the  neoplasm  to  the 
dura  was  widely  excised.  The  now  rapidly  obliter- 
ating residual  cavity  was  lightly  packed  with  gauze 
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to  control  the  oozing,  the  end  of  the  tampon  being 
led  to  the  surface,  through  the  lower  forward  angle 
of  the  superficial  wound.  A  smaller  drain  was  in- 
serted at  the  same  place.  At  the  end  of  the  opera- 
tion the  brain  did  not  pulsate  and  protruded,  evi- 
dently as  the  result  of  cedema,  rather  forcibly  through 
the  opening  in  the  bone  so  that  the  osteoplastic  flap 
was  replaced  and  sutured  under  considerable  tension. 

The  origin  of  the  tumor  corresponded  to  a  point 
located  in  the  center  of  the  antero-posterior  diameter 
and  at  the  junction  of  the  middle  and  lower  thirds  of 
the  area  exposed  by  the  osteoplastic  flap.  The 
diameters  of  the  tumor  were  as  follows:  Sagittal  60, 
vertical  56,  and  horizontal  43  mm.  Placed  in  the 
base  of  the  skull  of  a  cadaver  the  neoplasm  (Fig.  24) 
quite  filled  the  entire  middle  fossa.  The  patient 
recovered. 

The  procedure  just  described  is,  of  course,  only 
feasible  when  the  neoplasm  is  distinctly  differentiated 
from  the  brain  tissue  by  its  consistency.  In  the  case 
just  cited  this  difference  was  exceedingly  well  marked, 
more  especially  as  the  surrounding  brain  tissue  had 
undergone  considerable  softening. 

Serviceable  as  enucleation  with  the  finger  may  be, 
it  is  not  applicable  in  manipulations  requiring  re- 
moval of  tumors  which  are  deeply  situated,  as  ob- 
tains in  invading  the  cerebello-pontian  angle  (Tumors 
of  the  Acusticus).  The  liability  of  making  danger- 
ous and  fatal  pressure  upon  contiguous  parts,  such  as 
the  origin  of  important  nerves  in  the  floor  of  the 
fourth  ventricle,  precludes  employment  of  the  cum- 
bersome finger  for  this  purpose.  Tumors  located  in 
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this  situation  may  frequently  be  readily  enucleated  ; 
the  technique  of  which  procedure  is,  however,  taken 
up  in  a  separate  chapter.  (Page  134.) 

The  residual  cavity  in  the  brain,  left  after  removal 
of  a  neoplasm,  rapidly  obliterates,  as  has  already 
been  shown,  and  ultimately  leaves  only  a  small  de- 
pression corresponding  to  its  original  site.  If  the 
bleeding  has  been  arrested  by  sponge  compression  or 
ligature,  shallow  brain  depressions  may  be  disre- 
garded, and  the  osteoplastic  flap  may  be  replaced 
and  sutured.  I  have  found  it  serviceable  to  make 
slight  pressure  upon  the  flap,  if  it  has  been  possible 
to  preserve  its  integrity,  in  order  to  facilitate  repair. 
This  indulgence  is  still  more  useful  if  the  trephining 
has  been  done  for  removal  of  cerebral  tumors,  (see 
page  91),  as  in  this  class  of  cases  the  dura  is  not 
usually  involved  in  the  process.  To  avoid  unneces- 
sary repetition  this  is  mentioned  in  this  connection. 

If  the  defect  in  the  brain  is  deep  I  tampon  the 
space  between  the  collapsed  dura  and  the  lamina 
vitra  with  gauze  and  lead  a  portion  of  it  out  through 
the  angle  of  the  osteoplastic  flap.  This  is  by  far  bet- 
ter than  tamponing  the  cavity  in  the  brain  itself,  as 
all  foreign  bodies  exercise  a  deleterious  effect  upon 
the  brain,  inasmuch  as  they  cause  pressure,  oedema 
and  softening;  which  problem  will,  however,  be  more 
extensively  taken  up  later.  (Page  170.) 


Invasion  of  the  Brain  Substance 

Excision  of  the  Cortex 

The  technique  <>!'  removal  of  sections  of  the  cere- 
bral cortex  for  Jacksonlan  epilepsy,  where  there  is 
no  alteration  in  the  brain  tissue,  presents  the  least 
difficulty  of  all  of  the  measures  directed  to  the  relief 
of  brain  lesions.  After  the  "primary  spasm"  area 
has  been  located  by  electric  stimulation,  the  center 
corresponding  to  the  part  thus  affected  is  excised 
together  with  the  contiguous  brain  substance,  to  the 
depth  of  8  to  10  mm.  In  order  to  obviate  obscuring 
hemorrhage  I  deligate  all  vessels  encroaching  upon  the 
area  to  be  excised,  and  introduce  additional  ligatures 
toward  the  center  of  the  area,  which  I  use  to  lift  the 
focus  to  be  removed,  and  cut  between  the  ligatures, 
leaving  the  latter  long  while  the  former  are  cut  short. 
The  procedure  is  quite  clearly  demonstrated  in  the 
illustration,  Plate  VII,  a,  which  belongs  to  Obser- 
vation I,  4,  and  Fig.  b,  which  belongs  to  Observation 
I,  10,  where  details  may  be  obtained. 

Though  this  deligation  of  vessels  is  essential  it 
may  not  properly  be  considered  as  devoid  of  objec- 
tions, with  respect  to  the  surrounding  brain  sub- 
stance. Fig.  c,  Plate  VII,  shows  at  the  site  of  exci- 
sion considerable  hemorrhagic  invasion  of  brain  sub- 
stance though  the  excision  was  limited  to  a  very 
small  area.  Death  occurred  on  the  fifth  day  follow- 
ing an  immediate  aseptic  result.  The  autopsy  made 
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by  Professor  Oestreich  did  not  demonstrate  the  cause 
of  death  and  did  not  show  any  cause  for  the  hemor- 
rhage other  than  the  operation.  (Observation  I,  4.) 

This  observation  stimulates  the  writer  to  call  at- 
tention to  the  danger  of  ligating  blood  vessels  in  the 
brain,  especially  arteries,  which  may  result  in  serious 
nutritive  disturbances  in  this  situation.  Before  ex- 
tirpating a  neoplasm  of  the  brain  all  afferent  vessels 
should  be  ligatured.  However,  this  measure  should  be 
restricted  as  far  as  is  feasible  to  the  smaller  branches 
of  the  vessels,  and  the  main  trunks  are  to  be  carefully 
avoided.  In  this  way  dangerous  cerebral  softening 
may  be  prevented.  An  especial  warning  is  offered 
against  ligature  of  the  internal  or  common  carotid,  as 
invariably  cerebral  oedema  follows.  Horsley  has 
shown  that  the  arteries  run  from  below  upward,  and 
it  is  therefore  advised  that  the  excision  begin  below 
and  terminate  above  toward  the  median  line.  My 
experience  teaches  that  the  flow  of  the  circulating 
fluid  does  not  follow  any  definite  course  in  the  veins. 
In  a  general  way  the  current  flows  from  the  longitu- 
dinal sinus. 

Jacksonian  epilepsy  is  frequently  attended  with 
distinct  pathological  changes  in  the  meninges  and 
brain  substance,  and,  indeed,  these  changes  exist 
quite  frequently  as  the  causative  factor  in  infantile 
paralysis.  Of  the  various  changes  which  cause 
Jarksonian  epilepsy,  those  which  are  the  outcome  of 
chronic  inflammatory  processes  and  agglutinate  the 
arachnoid,  pia  and  cerebral  cortex  are  the  only  ones 
properly  considered  in  this  connection.  If  this  sort 
of  lesion  is  to  be  excised,  hemorrhage  need  not  be  an 
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important  factor,  as  scar  tissue  is  quite  devoid  of 
blood  vessels,  and  but  rarely  measures  directed  to 
its  control  are  required. 

In  the  case  of  a  girl  of  nineteen  I  found  a  tense 
scar  which  had  contracted  into  horizontal  folds  and 
was  located  at  the  edge  of  cerebral  hemisphere  just 
where  the  convex  portion  meets  the  inner  surface. 
The  scar  measured  40  mm.  in  length  and  was  13  mm. 
in  width.  Access  was  only  obtained  by  depressing 
the  cerebral  hemisphere  with  gauze,  although  the 
trephine  opening  had  been  carried  beyond  the  me- 
dian line.  In  this  way  two  large  veins,  which  led 
from  the  longitudinal  sinus  to  the  edge  of  the  hem- 
isphere, were  exposed  and  divided  between  two  liga- 
tures. This  made  visible  the  entire  scar  together 
with  a  large  portion  of  the  median  surface  of  the 
brain  and  the  falx  cerebri.  The  scar  was  grasped 
with  a  tenaculum  forceps  and  excised  together  with 
a  portion  of  normal  brain  substance  (3  mm.)  with 
the  scissors.  The  scar  consisted  of  white  fibrous 
tissue,  which  had  replaced  the  normal  cortical  sub- 
stance as  the  outcome  of  an  inflammatory  process. 
The  venous  hemorrhage  during  the  excision  was 
slight  and  readily  controlled  by  pressure. 

Extirpation  of  Tumors  of  the  Brain 

The  tumors  lying  on  the  surface  of  the  brain 
known  as 

Angioma  of  the  Pia   Mater 

occupy,  as  far  as  the  technique  required  for  removal 
is  concerned,  a  position  between  the  method  of  pro- 
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cedure  necessary  for  cortical  excision  and  that  ap- 
plied to  the  enucleation  of  neoplasms  which  originate 
in  the  brain  substance  itself.  The  formation  of  the 
dural  flap  may  provoke  severe  hemorrhage,  if  during 
this  step  of  the  operation  a  blood  vessel  should  hap- 
pen to  be  invaded  which  extends  from  the  angioma 
to  the  dura,  and  indeed  this  may  be  the  case  without 
there  being  any  visible  evidence  to  this  effect.  Ob- 
servation III,  2,  illustrates  very  well  the  possibilities 
in  this  regard. 

A  male  patient,  aged  forty-six,  came  under  obser- 
vation for  Jacksonian  epilepsy.  A  rather  extensive 
osteoplastic  resection  was  made  in  the  central  region 
of  the  skull.  The  first  incision  into  the  dura  was 
attended  by  a  violent  hemorrhage  which  was  forcibly 
projected  from  the  wound  but  was  immediately  con- 
trolled by  digital  pressure.  Formation  of  the  dural  flap 
was  at  once  completed,  and  as  it  was  carefully  raised, 
two  large-sized  veins  came  into  view  which  were 
doubly  deligated  and  divided.  Complete  displace- 
ment of  the  dural  flap  exposed  a  plexus  of  veins 
dilated  to  the  size  of  the  little  finger,  which  were 
intimately  intertwined  upon  the  surface  of  the  brain. 
The  primary  dural  incision  had  opened  the  branch 
connecting  the  two  veins  which  had  been  deligated. 
The  main  branch  leading  to  the  dura  was  tied  above 
and  below. 

None  of  the  dilated  blood  vessels  gave  evidence 
of  pulsation,  justifying  the  conclusion  that  the  ser- 
pentine vessels  were  veins  of  the  pia  mater.  In  the 
center  of  the  operative  field  a  number  of  smaller  veins 
were  distinctly  visible  (about  2  mm.  in  diameter) 
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\\-liich  effectually  obscured  inspection  of  the  cerebral 
cortex.      (Plate  VI 1 1.) 

The  posterior  border  of  the  denuded  area  left  ex- 
posed an  interval  of  normal  brain  tissue  between  the 
edge  of  the  tumor  and  that  of  the  trephine  opening, 
about  a  finger's  breadth  in  width.  Above,  the  longi- 
tudinal sinus  with  a  number  of  veins  lying  closely 
side  by  side  was  visible.  However,  the  formation  of 
new  blood  vessels  extended  well  beyond  the  surface 
exposed  by  removal  of  the  dural  flap. 

This  necessitated  extension  of  the  skin  incision 
and  removal  of  2  cm.  of  bone  which  reached  quite  to 
the  base  of  the  skull.  The  dural  flap  was  enlarged 
to  an  extent  corresponding  to  the  enlargement  of  the 
superficial  wound.  However,  normal  brain  tissue 
was  not  brought  to  view  until  the  hemisphere  was 
carefully  raised  into  the  trephine  opening.  This 
manipulation  was  not  reproduced  by  the  artist  on 
the  ground  that  an  attempt  in  this  direction  would 
interfere  with  an  accurate  representation  of  the  actual 
conditions  presented  by  the  neoplasm.  At  the  lower 
portion  of  the  exposed  area  the  fissure  of  Sylvius  was 
visible.  Behind  the  anterior  edge  of  the  wound  the 
main  vein  leading  to  the  tumor  was  located  at  the 
first  temporo-sphenoidal  convolution.  This  main 
trunk  divided  into  two  branches  1  cm.  in  diameter 
and  a  smaller  central  branch. 

These  three  vessels  were  encircled  with  a  "full 
curve:! "  needle  £  mm.  in  diameter  and  36  mm.  in 
length,  passed  rather  wide  of  their  walls  including 
the  contiguous  brain  tissue,  and  deligated.  Never- 
theless considerable  bleeding  emanated  from  the 
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punctures  made  by  the  needle,  which  was  controlled 
only  after  rather  prolonged  pressure.  While  the 
pressure  was  being  made  I  deligated  all  vessels 
leading  to  the  tumor  at  the  anterior  and  posterior 
aspects  of  the  wound  in  the  same  manner,  so  that  no 
time  would  be  wasted  and  pressure  upon  the  subse- 
quent needle  punctures  would  cause  no  delay.  I  then 
deligated  the  veins  leading  from  the  longitudinal  sinus 
and  ultimately,  as  a  precautionary  measure,  intro- 
duced around  the  main  trunk  below,  a  deep  ligature 
which  entered  in  front  the  fissure  of  Sylvius  and 
emerged  behind  the  first  temporo-sphenoidal  convo- 
lution. Care  was  taken  to  avoid  the  artery  of  the 
fissure  of  Sylvius.  However,  it  was  not  necessary  to 
go  quite  so  deep  to  accomplish  the  purpose. 

After  deligating  the  numerous  veins  with  linen 
thread  they  appeared  like  a  number  of  over-distended 
sausages  from  which  it  was  not  possible  to  force  the 
contained  blood  by  pressure. 

The  method  of  treatment  just  described  is  no 
doubt  the  only  one  possible  in  this  class  of  cases, 
because  of  the  danger  of  hemorrhage,  where  the 
angioma  is  spread  over  a  considerable  area  of  brain. 
Extirpation  of  the  tumor,  if  situated  in  the  motor 
cortical  zone  or  other  part  of  the  brain  concerned  in 
important  functions,  would  involve  too  much  trauma 
and  require  the  sacrifice  of  too  much  brain  tissue. 

After  introduction  of  the  multiple  ligatures  I 
observed  that  the  blood  no  longer  circulated  in  the 
dilated  vessels.  This  justified  the  assumption  that 
the  flat  venous  angioma  may  be  more  readily  isolated 
in  this  way  than  obtains  in  dilatation  of  arteries,  as  is 
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illustrated  on  the  face,  where  multiple  ligature  does 
not  achieve  the  purpose  despite  the  fact  that  thorough 
ligaturing  has  been  employed. 

The  operation  was  a  prolonged  one  and  much 
blood  was  lost,  requiring  haste  toward  the  end.  For 
this  reason  I  did  not  split  longitudinally  the  dis- 
tended vessels  with  the  view  of  promoting  cicatriza- 
tion. In  order  to  cause  additional  irritation  I  tam- 
poned the  entire  operative  field  with  vioform  gauze, 
bringing  the  end  of  the  strip  out  of  the  posterior 
superior  angle  of  the  wound  and  closed  the  rest  of 
the  area  of  approach  with  sutures.  The  tampon 
was  partially  removed  three  days  later,  and  the  rest 
withdrawn  after  the  lapse  of  an  additional  four  days. 
The  gauze  was  quite  firmly  adherent  and  required 
considerable  force  to  remove.  A  little  oozing  oc- 
curred at  this  time.  Healing  followed  without  in- 
terruption. 

The  nature  of  the  process  may  be  designated  as 
an  Angioma  Venosum  Racemosum.  The  Angioma 
Arteriale  Racemosum  of  Virchow,  with  its  thickened 
dilated  and  elongated  blood  vessels,  may  properly  be 
offered  as  resembling  in  character  the  process  in  this 
case.  The  affected  veins  were  symmetrically  enlarged 
and  in  places  presented  varicose  dilatation.  The 
elongation  caused  the  abnormal  convolutions  of  the 
veins  which  were,  however,  not  thickened.  The 
fine  plexus  of  vessels  situated  at  the  center  of  the 
growth  were  dilated  to  the  size  of  the  normal  veins 
of  the  pia  or  perhaps  a  little  larger,  and  were  a  trifle 
lighter  in  color  than  the  surrounding  larger  vessels. 
As  to  the  condition  of  the  neighboring  artery  of  the 
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fissure  of  Sylvius  we  cannot  give  any  information,  as 
it  was  not  exposed  during  the  operation.  There  was 
no  abnormal  pulsation  visible  at  any  time. 

In  a  second  case,  that  of  a  boy  of  ten,  I  operated 
for  a  much  smaller  venous  angioma  (Observation 
III,  1).  In  this  instance  I  doubly  ligated  all  ap- 
proaching veins  of  the  pia  and  divided  them  between 
the  ligatures.  I  then  split  the  tumor  area  to  the 
depth  of  1  cm.  and  the  length  of  2J  cm.  and  tam- 
poned with  gauze.  This  case  was  operated  upon 
September  19th,  1903,  and  recovered.  The  recovery 
is  maintained  at  the  present  writing.  I  have  not 
encountered  any  other  form  of  angioma. 

Tumors  of  the  Brain  Substance 

The  procedure  in  extirpation  of  tumors  of  the 
brain  substance  itself  varies  with  the  character  of 
growth  and  with  the  location,  whether  in  the  por- 
tions concerned  in  the  functions  necessary  to  life  or 
if  developed  in  parts  of  lesser  importance.  It  is  also 
a  factor  of  considerable  magnitude  whether  they  ex- 
tend inward  from  the  cortex  or  grow  toward  the 
periphery  from  a  deep  seat  of  origin.  Important  as 
these  considerations  are  with  regard  to  the  symp- 
tomatology and  the  diagnosis  as  to  the  character  of 
the  neoplasm,  the  essential  influence  upon  the  tech- 
nique of  enucleation  is  whether  the  growth  is  recog- 
nized when  the  dura  is  opened  or  whether  they  must 
be  searched  for  in  the  deeper  portions  of  the  brain. 

Tumors  Located  in  the  Cortex  of  the  Brain 
may  be  recognized  by  the  absence  of  pulsation  of 
the  dura,  by  the  fact  that  at  times  their  color  shim- 


92  THE  SURGERY  OF  THE  BRAIN 

mers  faintly  through  this  membrane,  and  occasion- 
ally by  a  slight  elevation  at  the  site  of  their  location. 
Only  rarely  and  in  cases  of  tumors  of  very  hard  con- 
sistence will  palpation  elicit  helpful  information,  as 
the  distended  dura  obliterates  fine  distinctions  in 
this  regard.  After  deflecting  the  dura  they  are  in 
most  instances  readily  recognized  by  their  color; 
however,  in  infiltrating  glioma  this  distinction  may 
not  obtain.  It  has  been  my  experience  not  to  find 
the  dura  intimately  associated  with  brain  tumors, 
and  I  have  not  had  to  remove  the  former  for  this 
reason. 

If  the  problem  involve  removal  of 

Encapsulated  Tumors 

the  procedure  is  a  simple  one,  as  these  growths 
simply  need  be  peeled  out  in  the  same  manner  as 
obtains  in  the  case  of  dural  tumors  of  dural  origin. 
In  this  connection  I  wish  to  report  the  technique 
employed  in  a  case  for  the  reason  that  this  involved 
especial  measures.  The  case  was  one  of  a  man 
(aged  forty-five)  who  had  been  sent  to  me  with  the 
diagnosis  of  a  tumor  involving  the  arm  region  of  the 
motor  zone.  The  motor  area  was  exposed  by  means 
of  an  osteoplastic  flap,  and  six  days  later  enucleation 
of  the  neoplasm  was  made.  The  base  of  the  dural 
flap  was  located  below,  and  in  order  to  avoid  the 
veins  immediately  contiguous  to  the  longitudinal 
sinus  the  upper  transverse  section  of  the  membrane 
was  made  about  2  cm.  below  this  vessel.  The  por- 
tion of  dura  remaining  above  was  seized  with  clamps 
and  two  small  vertical  incisions  were  made  at  either 
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side  of  the  trephine  opening.  This  short  flap  could 
now  be  raised  without  endangering  the  longitudinal 
sinus,  and  exposure  of  the  upper  portion  of  the  cen- 
tral convolution  was  accomplished. 

The  inner  side  of  the  dura  did  not  exhibit  any 
pathological  changes  and  was  not  adherent  to  the 
tumor.  The  latter  presented  a  flat  spot  the  size  of 
the  thumb  nail,  was  brownish  red  in  color  and  situ- 
ated between  two  convolutions  which  were  assumed 
to  be  the  anterior  and  posterior  central  convolutions. 
\Yc  will  see  in  the  chapter  on  epilepsy  that  exact 
localization  of  motor  areas  in  the  central  region  of 
the  brain,  through  the  pia,  is  quite  impossible,  and 
that  the  seat  of  the  anterior  central  convolution  is 
only  demonstrated  with  certainty  as  the  outcome  of 
electrical  stimulation.  However,  electric  stimula- 
tion of  the  brain  should  not  be  employed  except  for 
imperative  reasons,  as  it  is  in  the  human  animal 
attended  with  not  inconsiderable  damage.  In  this 
case  the  tumor  was  located  beneath  a  distended  dura 
which  pulsated  but  feebly,  and  judging  from  the  high 
position  the  neoplasm  occupied  in  the  motor  zone, 
involved  the  arm  area.  In  consistence  the  tumor 
was  manifestly  harder  than  the  contiguous  brain 
tissue. 

The  two  convolutions  were  next  displaced  laterally 
from  the  tumor  with  gauze  wipes  exposing  a  club- 
shaped  area.  I  now  pressed  forward  with  the  finger 
from  above  and  gradually  and  carefully  enucleated 
the  mass.  The  tumor,  which  was  about  the  size  of  a 
small  apple,  presented  its  widest  part  toward  the 
periphery.  From  the  edge  of  the  anterior  convolu- 
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tion  I  removed  a  small  portion  corresponding  to  the 
site  of  contact  with  the  tumor.  The  latter  was 
studded  with  minute  yellowish  spots,  and  excision 
was  made  to  be  on  the  safe  side.  This  was  probably 
an  area  of  hemorrhagic  softening  which  is  not  in- 
frequently found  in  the  neighborhood  of  tumors  in 
this  situation.  The  bleeding  was  entirely  venous 
and  readily  controlled  by  pressure  except  for  rather 
persistent  oozing  from  one  larger  vein  which  we  did 
not  succeed  in  ligating.  This  necessitated  leaving  a 
small  vioform  gauze  in  situ  for  three  days.  The  tu- 
mor bed  collapsed  rapidly,  thus  permitting  of  ap- 
proximation of  the  osteoplastic  flap,  except,  of  course, 
where  the  gauze  strip  protruded.  Repair  of  the 
wound  occurred  promptly;  however,  on  the  eighteenth 
day  following  the  operation  the  patient  died  as  the 
result  of  a  pneumonia  superimposed  upon  an  old 
bronchitis.  The  tumor  proved  upon  histological 
examination  to  be  a  glioma. 

I  have  upon  another  occasion  been  able  to 
enucleate  a  solitary  tubercle,  which  had  undergone 
central  softening,  from  the  white  substance  of  the 
parietal  lobe  with  the  closed  scissors. 

Far  more  unfavorable  conditions  attend  removal  of 

Non-Encapsulated  Tumors  of  the  Brain 

In  these  cases  no  other  course  is  available  than  to 
deligate  all  approaching  vessels  and  to  extirpate  with 
scissors  and  knife.  If  the  tumor  differs  markedly  in 
consistence  from  the  brain  tissue,  as  frequently  ob- 
tains with  sarcoma  and  glioma,  the  extirpation  re- 
sembles the  technique  of  enucleation  by  shelling  out, 
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and  we  may  expect  to  accomplish  complete  removal, 
especially  if  the  contiguous  brain  tissue  has  under- 
gone more  or  less  softening. 

Most  unfavorable  conditions  are  undoubtedly  pre- 
sented in  cases  of  infiltrating  glioma,  for  their  limi- 
tations are  not  always  recognizable  even  upon  sec- 
tion of  the  brain  tissue,  and  their  removal  becomes 
of  doubtful  expediency.  The  mass  is  to  be  removed 
widely  with  the  scalpel  and  spoon  and  the  normal 
brain  tissue  quite  invaded  and  removed.  However, 
even  then  it  is  a  matter  of  doubt  whether  or  not  por- 
tions of  the  growth  may  not  have  been  left  behind. 

A  case  of  this  sort  is  depicted  on  Plate  IX.  The 
patient,  a  man  of  fifty-three,  whose  clinical  history  is 
given  in  Observation  III,  3,  was  afflicted  with  a 
non-encapsulated  glioma  which  had  been  diagnosti- 
cated by  H.  Oppenheim  as  located  in  the  upper  third 
of  the  motor  cortical  zone.  Exposure  showed  the 
tumor  to  extend  4J  cm.  downward  and  measured 
5  cm.  laterally.  Excision  left  a  cavity  5  by  6  by 
2$  cm.  Death  from  collapse  ensued  and  autopsy 
showed  that  despite  the  considerable  area  of  excision 
the  tumor  had  not  been  entirely  extirpated.  While 
the  discoloration  of  the  cortex  made  recognition  of 
its  limits  possible  in  this  situation,  the  neoplasm  had 
extended  still  more  widely  in  the  deeper  portion  of 
the  brain,  where  the  contrast  in  color  did  not  obtain 
(Fig.  b).  In  addition  to  this  the  absence  of  modifi- 
cation in  consistence  as  contrasted  to  the  normal 
brain  substance  made  a  radical  extirpation  impos- 
sible. In  operating  upon  cases  of  this  sort  the 
technique  in  this  regard  is  a  matter  of  chance. 
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Subcortical  Tumors  of  the  Brain 
The  difficulties  just  discussed  are  still  greater  in 
the  removal  of  tumors  located  in  the  white  matter  of 
the  brain.  After  displacement  of  the  dura  it  is  fair 
to  assume  that  the  symptoms  previously  presented 
are  the  outcome  of  encroachment  upon  the  cranial 
cavity  if  the  convolutions  are  flattened,  the  sulci  ob- 
literated, ami  the  cortex  present  a  dry  lusterless  ap- 
pearance. Recognition  of  the  deeply  located  site  is 
not  determinable  by  palpation,  and  for  this  purpose 
needle  puncture  (akidopeirastic)  probe  puncture  and 
aspiration  of  tissue  portions  are  indispensable. 

Probe  puncture  with  the  hollow  needle  and  aspi- 
ration of  cylindrical  sections  of  tissue  for  micro- 
scopical examination  are  extensively  discussed  in  the 
chapter  on  The  Neisser-Pollack  Brain  Punc- 
ture and  the  section  entitled  "Personal  Expe- 
riences/' to  which  the  reader  is  referred  (page  237). 
In  operating  upon  the  brain  all  possible  contingencies 
should  be  prepared  for  and  a  trained  assistant  capa- 
ble of  making  immediate  microscopical  examinations 
should  be  available.  It  is  worthy  of  note  that  the 
cylindrical  brain  sections  permit  of  more  accurate 
examination  after  thorough  hardening. 

At  times  the  fluid  aspirated  will  furnish  a  guide  as 
to  further  procedure.  In  the  case  of  a  woman  of 
forty-nine,  wrho  presented  the  symptoms  of  tumor  in 
the  right  motor  region  (Observation  III,  6),  exposure 
of  the  brain  revealed  a  yellowish  elevated  area. 
Puncture  in  the  center  of  the  area  (Plate  X)  provoked 
discharge  of  5  cm3,  of  sero-sanguinous  fluid  tinged 
with  yellow  when  the  depth  of  2  cm.  was  reached.  I 
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then  made  an  incision  4  cm.  in  length  through  the 
dome  of  the  elevation,  causing  the  discharge  of  an 
additional  5  cm3,  of  similar  fluid.  The  finger  was 
then  inserted,  revealing  the  presence  of  a  round  tu- 
mor the  si/.e  of  a  walnut  which  was  located  forward 
and  inward  from  the  site  of  incision  (Fig.  b).  The 
tumor  was  readily  enucleated  with  scissors,  as  the 
surrounding  brain  tissue  had  undergone  considerable 
softening.  The  tumor-i— which  upon  microscopical 
examination  proved  to  be  a  glio-sarcoma — had  pro- 
duced hemorrhagic  softening  and  caused  the  devel- 
opment of  the  cyst  in  which  the  neoplasm  was 
contained. 

Akidopeirastic  was  introduced  by  von  Middel- 
dorp  in  1856,  and  is  of  considerable  value  in  certain 
instances,  as  shown  by  the  following  experience.  The 
history  of  the  operation  is  related  at  length,  as  it  fur- 
nishes an  example  of  the  method  of  procedure 
employed  by  the  writer,  in  enucleating  subcortical 
neoplasms.  The  patient,  a  male  (aged  thirty-four), 
had  already  been  subjected  to  the  trephining  opera- 
tion in  the  right  temporal  region  three  years  pre- 
viously. Aside  from  the  fact  that  the  dura  had  not 
been  opened  at  the  first  operation  the  opening  had 
been  made  too  far  forward.  H.  Oppenheim  sent  the 
case  to  me  with  the  diagnosis  of  a  neoplasm  in  the 
lower  portion  of  the  right  central  convolution.  The 
patient  presented  choked  disk,  cortical  epilepsy, 
monoparesis  facio-brachialis  sinistra  and  sensory  dis- 
turbances in  left  upper  extremity.  On  April  23d, 
1907,  an  extensive  osteoplastic  flap  was  made  which 
measured  80  mm.  in  its  sagittal  and  60  mm.  in  ver- 
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tiral  diameter,  exposing  the  motor  zone  and  at  the 
same  time  the  dura  was  opened  with  the  base  of  the 
flap  directed  downward. 

The  exposed  brain  area  gave  no  evidence  of 
change  except  that  the  convolutions  were  flattened 
and  pulsation  appeared  diminished.  However,  the 
exploratory  needle  met  with  a  certain  added  resist- 
ance when  the  depth  of  20  mm.  was  reached,  in  the 
anterior  central  convolution.  This  phenomenon  was 
verified  by  repeated  punctures,  and  after  delegating 
the  contiguous  blood  vessels  I  made  a  horizontal 
incision  55  mm.  in  length  through  the  cortex  of  the 
brain  into  the  white  substance  beneath,  exposing  at  a 
depth  of  26  mm.  a  non-encapsulated  tumor  (Plate 
XI,  Fig.  a).  At  this  time  the  patient's  general  con- 
dition became  alarming,  and  extirpation  was  not 
deemed  advisable;  however,  a  small  section  of  the 
tumor  was  removed  for  microscopical  examination. 
The  wound  was  closed  and  primary  union  followed. 
An  intercurrent  croupous  pneumonia  made  it  neces- 
sary to  postpone  the  second  stage  of  the  operation 
until  May  16th. 

During  this  interval  the  skin  over  the  field  of  opera- 
tion began  to  bulge.  A  puncture  made  at  the  dome 
of  the  protuberance  on  May  3d  withdrew  1  cm3,  of 
fluid  slightly  tinged  with  yellow.  The  enlargement, 
which  pulsated  slightly,  was  believed  to  be  caused  by 
cedematous  brain  and  tumor  mass.  By  the  10th  of 
May  an  area  of  ulceration  the  size  of  a  silver  quarter 
of  a  dollar  had  formed,  at  the  site  of  the  scar  of  the 
operation  of  three  years  before.  By  the  27th  of  May 
the  entire  operation  field  had  elevated  above  the  nor- 
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mal  level  of  the  skull  to  the  dimensions  of  an  adult 
male  fist.  The  ulcerated  skin  area  had  developed 
into  a  granulating  brain  prolapse  the  size  of  a  child's 
closed  hand.  The  latter  was  excised  to  conserve 
asepsis  during  the  radical  operation  which  was  under- 
taken on  June  1st.  The  portion  of  the  protuberance 


Fig.  25 

(Fig.  25)  covered  by  skin  had  now  reached  the  size 
of  two  adult  fists.  The  ulcerating  area  had  grown 
again,  and  attained  the  size  of  a  potato.  Removal 
of  the  latter  exposed  a  grayish  green,  partially  cystic 
tumor  mass.  The  skin  and  bone  were  divided  in  the 
line  of  the  old  scar  and  the  flap  turned  down,  expos- 
ing at  once  the  tumor.  The  neoplasm  was  not  en- 
capsulated, and  was  carefully  enucleated  from  the 
brain  tissue  with  a  flat,  soft  metal  spatula  and  the 
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index  finger  (Fig.  26).  A  prolongation  of  the  tu- 
mor tlio  si/.e  of  the  index  finger,  extending  forward 
and  downward,  was  removed  together  with  a  por- 
tion of  surrounding,  apparently  normal  brain  tissue 


Fig.  26 

with  the  spatula.  In  excising  the  latter  portion  of 
the  mass  a  slit-like  cavity  was  opened,  which  proba- 
bly was  a  part  of  the  lateral  ventricle.  (Anterior 
horn?)  A  quite  active  arterial  hemorrhage  bubbled 
up  from  the  deep  wound  which  was,  however,  readily 
controlled  by  gauze  tamponade.  Macroscopically 
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there  was  no  evidence  of  remaining  neoplasm.  The 
tampon  strip  was  led  from  the  anterior  inferior  angle 
of  the  wound,  the  rest  of  which  was  closed  by  sutur- 
ing. 

During  and  immediately  following  removal  of  the 
tumor  the  pulse  became  irregular  and  ceased  to  be 
perceptible  for  one  to  three  minutes  on  several  occa- 
sions. These  intermissions  were  followed  by  ex- 
acerbation of  rate  up  to  140  beats  per  minute.  Later 
the  pulse  became  slower  and  stronger.  Tamponade 
was  followed  by  epileptif orm  convulsions  which  were 
preceded  by  nystagmus,  also  contraction  of  pupils  and 
short  intervals  of  clonic  spasm  of  all  the  extremities. 

The  extirpated  tumor — an  infiltrating  gliorna — 
was  about  the  size  of  a  grape  fruit  (over  8  cm.  long), 
was  oedematous  and  infiltrated  with  hemorrhagic  areas 
of  greater  magnitude  than  the  surrounding  brain  tis- 
sue. The  oedema,  however,  was  no  more  marked 
than  was  presented  by  the  brain  tissue.  Besides  its 
grayish-green  color  the  tumor  differed  from  the  sur- 
rounding brain  substance  inasmuch  as  it  was  much 
less  vascular  than  the  latter.  Beyond  this  the  tumor 
was  the  seat  of  numerous  flat,  slit-like  cystic  cavities. 

In  comparison  to  the  conditions  at  the  first  opera- 
tion, when  the  excision  was  abandoned,  the  tumor 
was  located  much  nearer  the  surface,  this  being  no 
doubt  the  outcome  of  the  decompressing  effect  of 
the  preliminary  osteoplastic  resection.  Beyond  this 
the  tissue  surrounding  the  mass  was  more  markedly 
softened,  making  more  readily  discernible  the  line  of 
demarcation.  The  first  operation  may  be  regarded 
as  having  had  a  favorable  influence  to  this  extent. 
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The  tampon  was  removed  on  the  fifth  of  June  and 
its  wound  of  egress  closed  with  two  small  sutures. 
The  wound  healed  rapidly  and  without  complicating 
occurrences.  On  the  tenth  of  June  the  effects  of  the 
operation  were  overcome,  the  patient  was  mentally 
clear  and  the  appetite  good.  This  condition  was 
maintained  until  well  into  the  month  of  July.  At  this 
time  the  patient  began  to  show  evidence  of  depressed 
vitality  and  mental  derangement,  and  died  on  the 
20th  of  August  from  a  gradually  increasing  asthenia. 

It  would  be  exceedingly  desirable  if  the  direction 
of  dividing  the  cerebral  cortex  were  suscep- 
tible of  certain  well-grounded  laws,  when  approach 
to  subcortical  neoplasms  and  deeply  located  abscesses 
is  made.  All  trauma  to  the  brain  destroys  a  large 
number  of  important  nerve  elements  and  results  fre- 
quently in  paralysis.  For  this  reason  incision  into 
the  cortex  and  subsequent  invasion  of  the  deeper 
structures  of  the  brain  is  to  be  executed  with  care, 
and  only  as  the  outcome  of  clearly  defined  indications. 
Exact  guidance  in  this  connection  is  not  available  at 
present.  It  is  to  be  hoped,  however,  that  the  future 
will  give  more  accurate  information  with  respect  to 
the  direction  of  the  fibers,  and  thus  make  possible 
certain  methods  of  procedure  in  incisions  in  this 
situation.  As  few  blood  vessels  as  is  possible  should 
be  deligated  or  divided  for  the  reason  already  stated, 
that  cerebral  softening  is  likely  to  happen  as  the 
result. 

Occasionally  it  has  been  feasible  to  remove  sub- 
cortical  tumors  without  destruction  of  nerve  tissue 
when  the  neoplasm  has  been  situated  in  a  fissure  as 
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at  times  obtains  in  the  fissures  of  Rolando  and  Sylvius. 
Under  these  circumstances  it  is  only  necessary  to  sep- 
arate the  meshes  of  the  arachnoid,  tie  the  contiguous 
blood  vessels  and  enucleate  the  tumor  after  separating 
the  convolutions  adjoining  the  seat  of  the  growth. 
The  technique  of  this  procedure  is  shown  with  re- 
gard to  the  fissure  of  Sylvius  on  page  79,  and  the 
central  fissure  on  page  92. 

The  brain  substance  is  held  aside  by  dull  right- 
angled  retractors  which  should  be  available  in  various 
sizes.  These  tractors  are  employed  in  holding  open 
the  incision  or  the  adjacent  convolutions  during  re- 
moval of  the  tumor.  I  find  it  of  service  to  cover  the 
smooth  metal  blades  of  the  tractors  with  a  layer  of 
gauze  which  causes  the  brain  substance  to  adhere  to 
its  surface,  and  the  brain  tissue  is  held  asunder  with 
less  pressure  than  obtains  if  this  be  not  done.  As  to 
the  treatment  of  the  tumor  bed  after  enucleation  see 
page  82. 

Opening  Brain  Abscess 

The  opening  of  brain  abscess  always  requires  divi- 
sion of  the  cerebral  cortex,  and  for  this  reason  the 
brief  remarks  submitted  with  regard  to  the  general 
subject  of  brain  abscess  belong  here,  immediately 
following  discussion  of  the  technique  of  removal  of 
subcortical  neoplasms,  especially  as  I  have  quite 
abandoned  exploratory  puncture  through  the  dura 
in  cases  of  suspected  abscess.  Puncture  of  the  brain 
for  pus  must  be  done  with  a  large  needle,  as  the  exu- 
date  is  likely  to  be  very  tenacious,  and  if  the  puncture 
be  made  through  the  intact  dura,  pus  is  apt  to  gain 
access  to  the  arachnoid  spaces  and  spread  the  infec- 
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tion.  As  a  rule  I  fashion  at  once  the  dural  flap  with 
a  dependent  base,  obtaining  thus  ample  space  for  in- 
spection, and  any  oozing  of  pus  from  puncture  open- 
ings made  at  this  time  can  be  removed  with  gauze 
wipes.  In  operating  for  epilepsy  or  tumor  the  field 
is  aseptic,  while  in  attacking  brain  abscess  it  is  nec- 
essary to  avoid  contact  of  the  arachnoid  with  the  in- 
fectious exudate,  a  precaution  which  should  be  taken 
in  both  septic  and  tuberculous  abscesses.  The  safest 
procedure  is  to  make  preliminary 

Protective  Tamponade  of  the  Subdural  Space 

This  is  accomplished  by  inserting  between  the  dura 
mater  and  the  arachnoid  space  sterile  vioform  or  iodo- 
form  gauze  strips  (Plate  XI,  Fig.  b).  In  these  cases 
the  incisions  forming  the  dural  flap  should  be  located 
a  little  farther  from  the  edge  of  the  bone,  i.  e.,  about 
1  cm.  The  marginal  dura  is  now  incised  in  an  ob- 
lique direction  at  the  corners  of  the  exposed  brain 
area,  forming  three  small  flaps  which  are  located  to 
either  side  and  at  the  upper  border  of  the  wound,  and 
these  may  be  held  aside  with  clamps,  exposing  quite 
efficiently  the  subdural  space.  The  large  dural  flap 
is  now  drawn  tensely  toward  the  base  of  the  space 
and  the  interval  between  it,  and  the  brain  tamponed 
with  great  care,  for  here,  of  course,  because  of  its 
dependent  location,  infection  is  most  likely  to 
occur. 

Not  until  thorough  isolation  of  the  area  by  tam- 
ponade  has  been  accomplished  do  I  make  exploratory 
puncture  or  incision  into  an  abscess.  Incision  may 
be  done  at  once  if  the 
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Abscess  be  Located  Superficially 

and  is  recognized  when  the  dura  is  opened.  The 
incision  in  cases  of  this  sort  is  made  through  tissue 
already  destroyed,  and  no  additional  damage  is  done. 
Conditions  of  this  kind  are  shown  in  Plate  XI,  Fig. 
b,  which  illustrates  the  case  described  under  Ob- 
servation V,  1. 
When,  however, 

Abscess  in  the  Deeper  White  Substance 

is  invaded  the  problem  presents  a  quite  different 
aspect  as  regards  localization  of  the  pus  focus.  I 
first  puncture  the  brain  with  the  needle  alone,  em- 
ploying one  of  wide  diameter,  i.  C-,  about  2  mm.  If 
the  pus  is  under  pressure  it  will  ooze  cut  through  the 
needle,  if  its  consistence  be  not  too  tenacious.  If  no 
pus  appears  I  make  suction,  at  the  same  time  slowly 
withdrawing  the  needle.  If  the  result  be  negative 
this  procedure  is  repeated  at  several  various  situa- 
tions, altering  each  time  the  direction  of  the  punc- 
ture. The  pus  may  be  sufficiently  tenacious  to  resist 
aspiration'.  In  these  instances  incision  with  the  knife 
is  indicated  if  sufficient  justification  be  created  by 
the  clinical  picture,  for,  of  course,  liberation  of  the 
pus  is  absolutely  essential  to  the  maintenance  of  life 
in  these  cases. 

When  the  abscess  is  located  the  canula  is  left  in 
place  and  used  as  a  guide.  The  knife  is  then  carried 
along  the  needle  and  the  abscess  cavity  opened  to  the 
extent  consistent  with  the  size  of  the  abscess  cavity, 
or  the  closed  forceps  is  introduced  into  the  cavity, 
guided  by  the  needle,  and  opened  when  the  cavity  is 
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reached,  thus  crowding  aside  the  brain  tissue.      The 
usual  precautions  employed  in  dividing  brain  tissue 
are  shown  proper  consideration  in  the  execution  of 
this  step  of  the  procedure.     The  port  of  entrance  to 
the  pus  cavity  is  held  open  with  the  blunt  right-angled 
retractors  already  described,  and  after  careful  wiping 
away  of  the  pus  the  space  is  inspected.     It  is  not 
unusual    to    find    pus    emerging    from    contiguous 
smaller  abscess  cavities,  the  existence  of  which  are 
determined  with  the  sound.     It  is  best  to  introduce 
the   little    finger   into    these    smaller   cavities    under 
guidance  of  the  sound,  and  carefully  break  down  its 
walls.     Sufficient  of  the  isolating  wall  should  be  de- 
stroyed to  convert  the  entire  area  of  infection  into  a 
single  cavity,  thus  conserving  rapid  healing.     It  is  to 
be  borne  in  mind  that  a  multilocular  arrangement  of 
cerebral  abscesses  is  not  uncommon. 

If  the  abscess  be  of  acute  septic  origin  its  walls 
should  not  be  curetted,  as  this  would  be  liable  to 
cause  extension  of  the  infection.     If  the  abscess  be 
chronic  and  have  a  distinct  membrane,  as  is  frequently 
the  case  in  this  kind  and  in  tuberculous  abscesses,  the 
membrane  should  be  removed.     I  am  in  the  habit  of 
inserting  into  these  cavities  several  good  sized  drains 
and  then  tampon  the  rest  of  the  space  with  vioform 
or  iodoform  gauze.     Fig.  a,  on  Plate  XII,  depicts 
this  measure  employed  in  the  case  of  a  male  of  eigh- 
teen.    The  protective  tamponade  is   not  shown  in 
this  illustration  for  reasons  of  clearness.     The  case 
was  one  of  metastatic  abscess  located  at  the  facio- 
brachial  center  (left),  which  had  occurred  secondarily 
to  a  pleural  empyema. 
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Dural  and   Extradural   Processes   Involving 
the  Brain 

A  number  of  conditions  originate  in  the  cranial 
bones  and  dura  which  extend  to  the  brain  and  require 
invasion  of  the  latter  for  relief.  Strictly  speaking  the 
neoplasms  which  spring  from  the  dura  belong  to  this 
class  but  have  been  considered  under  a  separate  head 
(page  71)  as  they  present  essentially  the  clinical 
picture  of  brain  tumors  and  practically  require  the 
technique  of  brain  surgery  for  removal. 

Brain   Puncture  with   Extradural  Abscess 

Injuries  of  the  skull  are  frequently  complicated  by 
involvement  of  the  brain  itself,  although  special  con- 
sideration of  the  treatment  of  the  brain  trauma  need 
not  be  taken  up  in  this  chapter.  This  applies  also  to 
traumatic  brain  abscess  and  those  suppurative  pro- 
cesses in  the  brain  occurring  as  the  outcome  of  inflam- 
mations of  the  scalp  and  cranial  bones.  However,  I 
enter  in  this  connection,  to  a  certain  extent,  into  dis- 
cussion of  the  extradural  abscesses  which  so  fre- 
quently complicate  middle  ear  disease.  Removal  or 
temporary  resection  of  the  contiguous  bone  and  care- 
ful loosening  of  the  dura,  which  forms  the  inner  peri- 
osteum of  the  cranial  bones  is  all  that  is  necessary 
under  these  circumstances.  Especially  in  children, 
because  of  the  thinness  of  the  dura,  care  in  its  manip- 
ulation is  especially  required.  However,  in  cases  of 
extradural  abscesses  and  in  suppurative  middle  ear 
disease  serous  meningitis  is  liable  to  occur  and 
simulate  very  closely  abscess  of  the  brain.  The  ex- 
posed dura  is  tense  and  devoid  of  pulsation,  and  the 
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question  comes  up  as  to  the  advisability  of  making 
exploratory  puncture  of  the  brain. 

From  the  standpoint  of  asepsis  puncture  of  the 
dura  and  invasion  of  the  underlying  parts  through  a 
suppurating  area  i.s  an  exceedingly  offensive  propo- 
sition. Indeed,  I  have  already  stated  that  puncture 
of  a  diagnosticated  brain  abscess  should  only  be  made 
after  the  dura  has  been  opened  and  the  surrounding 
parts  carefully  isolated  by  tamponade.  If  the  symp- 
toms are  reasonably  accounted  for  by  the  suppura- 
tion outside  the  dura,  the  puncture  should  not  be 
made.  The  entire  exposed  area  may  be  packed  with 
iodoform  gauze,  and  if  the  symptoms,  after  a  day  or 
two,  should  still  point  to  cerebral  involvement  the 
technique  employed  has  at  least  contributed  some- 
what to  lessening  the  extradural  sepsis.  If,  however, 
the  clinical  picture  be  a  grave  one  and  indicate  cere- 
bral involvement  and  call  for  immediate  invasion  of 
the  brain  tissue,  the  exploratory  puncture  should  be 
made  at  a  site  remote  from  the  extradural  abscess 
and  the  puncture  point  be  previously  wiped  with  a 
one  per  cent,  sublimate  solution.  I  have  frequently 
proceeded  in  this  way  and  have  had  no  deep  infec- 
tion occur;  however,  a  verbal  communication  from 
an  excellent  ear  specialist  informs  me  that  he  has 
frequently  seen  it  occur.  If  the  case  be  one  of 
serous  meningitis,  clear  fluid  will  be  discharged  from 
the  puncture  hole  in  considerable  quantity  as  the 
outcome  of  the  increased  pressure.  If  the  fluid  dis- 
charged be  pus  the  method  of  procedure  is  that 
stated  on  page  104. 

What  has  here  been  stated   with   regard  to  the 
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brain  complications  of  suppurative  middle  ear  dis- 
ease, also  applies  to  pus  in  other  situations  in  the 
cranial  cavity  as  for  instance  in 

Tuberculosis  of  Cranial   Bones. 

In  the  majority  of  cases  tuberculosis  of  the  flat 
cranial  bones  perforates,  whether  it  be  of  the  charac- 
ter of  a  cheesy  sequestrum  or — as  is  less  often  the 
case — tuberculous  granulations  which  gradually  in- 
vade the  bone  and  ultimately  reach  the  dura.  The 
outer  surface  of  the  dura  is  not  infrequently  covered 
with  tuberculous  granulations,  and  these  must  be 
removed  at  the  time  of  the  operation,  a  step  usually 
efficiently  accomplished  with  the  curette. 

Fig.  b,  Plate  XII  shows  a  perforating  tuberculosis 
of  cranial  bones.  The  illustration  is  made  from  the 
inner  surface  of  the  cranial  dome  after  the  dura  mater 
and  the  brain  have  been  pushed  to  the  left  side.  The 
parietal  bone  is  perforated  with  an  irregular  opening, 
surrounded  with  cheesy  deposits  which  also  stud 
the  outer  surface  of  the  dura. 

At  times  the  cheesy  granulations  extend  over  a  wide 
surface  of  the  dura,  so  that  even  an  extensive  trephin- 
ing does  not  permit  of  complete  exposure  and  re- 
moval of  the  involvement.  Although  the  area  of  dis- 
ease may  be  extensive,  it  usually  ceases  in  the 
dura  and  does  not  go  on  to  invasion  of  the  brain  itself. 
Characteristic  examples  of  the  process  are  depicted 
on  Plates  XIII  and  XIV.  Plate  XIII  shows  the 
outer  and  Plate  XIV  the  inner  surface  of  the  dome 
of  the  cranium.  In  the  latter  instance  the  dura  is 
peeled  back  from  the  bone.  The  patient,  a  male, 
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aged  eighteen,  had  been  afflicted  with  tuberculosis 
for  years,  and  ultimately  died  of  amyloid  degenera- 
tion of  the  abdominal  organs.  The  process  had  per- 
forated the  cranium,  involved  the  dura  and  quite 
destroyed  the  entire  frontal  bones.  The  repair  tissue 
replacing  the  destroyed  bone  had  cicatricised  into  a 
hard  tense  membrane  which  was  intimately  adherent 
to  the  dura  and  could  not  be  separated  from  it.  This 
is  shown  in  Plate  XIV  as  a  translucent  area.  Despite 
the  extensive  disease  the  brain  remained  intact,  and 
the  normal  convolutions  are  shown  in  Plate  XIII 
through  an  incision  made  in  the  scar  area. 

However,  the  brain  may  become  involved  in  two 
ways  as  the  result  of  tuberculosis  of  the  cranial 
bones.  Most  frequently  the  formation  of  abscess 
in  the  brain  tissue  occurs.  The  operative  treat- 
ment under  these  circumstances  does  not  differ  in 
technique  from  that  which  obtains  in  the  class  of 
cases  just  discussed,  except,  perhaps,  that  entire 
removal  of  the  membrance  lining  the  abscess  cavity 
is  imperative.  As  I  do  not  take  up  this  subject 
again,  an  example  of  the  process  is  depicted  on 
Plate  XV. 

The  illustration  shows  a  specimen  from  a  female 
patient  aged  thirty.  Three  years  before  coming  un- 
der my  observation  she  had  been  subjected  to  opera- 
tion for  relief  of  a  tuberculous  focus  in  the  trochanter 
major  of  the  right  femur.  Two  and  a  half  years  later 
the  corresponding  hip  joint  was  resected  for  the  same 
affliction.  The  latter  was  followed  by  recovery  with 
a  sinus.  She  was  admitted  to  my  service  suffering 
from  a  cold  abscess  of  the  skull  in  the  region  of  the 
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anterior  fontanelle.  Incision  revealed  the  presence 
of  a  tuberculous  sequestrum  the  si/e  of  a  pea.  This 
was  removed,  the  neighboring  bone  scraped  and  the 
tuberculous  granulations  lying  on  the  subjacent  dura 
were  removed.  The  dura  pulsated  in  a  normal  man- 
ner. The  wound  was  packed  with  iodoform  gauze. 
Repair  without  sinus  resulted. 

Two  months  later  another  abscess  formed  over  the 
posterior  fontanelle.  At  the  same  time  the  patient  com- 
plained of  headache  and  vertigo,  the  latter  persisting 
when  the  patient  was  in  the  recumbent  position.  Be- 
yond these  no  cerebral  symptoms  were  present. 
Opening  of  the  abscess  disclosed  cheesy  bone,  which, 
despite  extensive  resection,  did  not  permit  of  entire 
removal.  The  dura  was  thickly  covered  with  tuber- 
culous granulations  and  did  not  pulsate;  it  was  also 
markedly  tense.  Incision  of  the  dura  disclosed  a 
pus  area  the  size  of  an  apple  immediately  beneath  the 
cortex  of  the  brain.  The  abscess  cavity  was  lined  by 
a  characteristic  membrane  which  could  be  readily 
removed  with  the  semi-sharp  spoon.  Iodoform  tam- 
ponade  achieved  considerable  reduction  in  size  of  the 
cavity  and  the  brain  symptoms  disappeared.  How- 
ever, a  sinus  remained.  The  patient's  general  con- 
dition did  not  improve;  in  a  few  weeks  albuminuria 
developed,  which  was  followed  very  soon  by  amyloid 
degeneration  of  the  abdominal  organs,  and  six 
months  and  a  half  later  death  supervened. 

Autopsy  revealed  a  much  more  widely  distributed 
process  than  had  been  made  manifest  by  the  clinical 
symptoms.  The  case  was  evidently  one  of  pro- 
gressive infiltrating  tuberculosis  of  the  era- 
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nial  bones.  Extensive  areas  of  the  bone  were  of  a 
pale  yellow  color  consisting  of  cheesy  infiltration. 
Normal  bone  appeared  only  in  narrow  strips.  Be- 
neath the  diseased  bone  the  dura  was  covered  with 
tuberculous  granulations  which  at  the  site  of  the  tre- 
phine openings  had  accumulated  to  a  still  greater 

extent. 

Only  in  rare  instances  is  the  Brain  Surface 
infected  by  extension  of  tuberculous  processes 
from  the  bones.  A  case  of  this  sort  is  shown  on 
Plate  XVI,  which  represents  the  conditions  found  in 
a  young  man  of  seventeen,  who  had  been  burdened 
with  a  tuberculous  heritage  from  the  father's  side. 
The  patient  had  noticed  a  gradually  increasing  swell- 
ing on  the  left  side  of  the  skull,  which  developed 
within  a  period  of  several  months.  When  he  came 
under  observation  he  presented  evidence  of  cerebral 
pressure,  (bilateral  choked  disk,  vertigo,  staggering 
gait,  headache  and  vomiting),  also  aphasia,  and  pare- 
sis of  the  middle  and  lower  divisions  of  the  right  facial 
nerve.  A  cold  nonpulsating  abscess  was  palpable, 
situated  7  cm.  above  and  1  cm.  in  front  of  the  right 
auricle.  The  location  corresponded  to  the  lower  por- 
tion of  the  central  fissure  (Plate  XVI,  Fig.  a,  brown 
line).  Exposure  of  the  bone  revealed  a  sequestrum 
the  size  of  a  lentil  which  was  so  firmly  imbedded  as 
to  require  removal  with  the  chisel. 

This  step  brought  the  dura  into  view,  which  proved 
to  be  tense,  devoid  of  pulsation  and  covered  with 
tuberculous  granulations.  Bone  to  the  extent  of 
5.6  cm.  was  removed  before  the  diseased  area  was 
entirely  exposed.  When  the  dura  was  opened  the 


Fedor  Krause,  Surgery  of  the  Brain. 


Tab.  XVI. 


Fig.  a. 


Fig.  b. 


R«bman  Company,  New  York 


( .i  M  MA  1 1:1 

l.i.iin  |.r.il;i|,  •  -.1  li;ii|.ly  :m<l  WtlH  loiiiid  l<,  In-  ilifil 
It.il.-d  \silli  tiilii-n  ill. HI  ;'i;inul. iliull*  which  involved 
Ih.  i-i.ilex  'I'hile  XVI,  \'"t^.  \>)  iiinl  extended  into  lln- 
niednlhiry  Ii.  Me,  |-e<|llirill^  eiinsidenilile  inviision  nl 
tin-  I. ,11.  i  in  Mi-der  ID  ;icciini|ili.sh  reniov  ;i  I  The 
.Id'.  -i  I  \\.-i,  lilli-.l  \-.illi  n.dnl'onii  j_'iin/.c.  Al'lcr  llic 
o|»ciiilii»n  tin-  ii(.'lil  side  of  llu-  |.;ili<-nl  uii.s  |»nnilv/«-«l. 
llou.-v.-r,  Ilii,  .l<.n«-<l  ii|>  iiliiiosl  i-nlin-lv  <liiriiif  Hi- 
ill,  .  .|i|.  nl  liner  WCrkN.  Tin-  Id.Hli  '•..nllinn  .1  In 
|.K.|;I|,  .<•  llii.inj'li  III.-  In  |,liin.  M|,i-niii^  ;iinl  iilliiiuilcly 
.ill. mi.. I  ihc  si/.  ..('  .in  ;i|)|>lc.  Twcnty-fout  •• 

.ill"    I      lid-     H|i<    I  .ill'Mi     III'       |,.ill>    III     <l|i'.|     ill     <  Oll\  IllHl'ollH. 

\ui.i|)sy  H|K»W<-I|  llu-  IIIII^H  iiml  spleen  inlilh'jilrd  with 

lulu  i<  id., ii      ;ii.,-n    .in. I    llic    ri^ll!    ccrcln'id    ll(MlliM|>h0f0 
WUM  till!  Witt  ()f  H  COII^IollMTUU'   I  lllxTCIllnllH  foHIM   llie 

si/i-  of  n  wjilnnl    '  l'ii^-   I4H;.     Tlic  si-iil.  of  tin-  «.|"  i 
.iti.< ii  wax  fn-c  frrxii  tulx-rciiloiiN  <liwiiH<', 

Gumm* 

Sypliilis  of  tin-  crniiiiil  hones  find  dura  is  mm  Ii  ni.,i. 
liki-lv  to  inv.'idi-  lln-  hniin  limn  Inhi-renlosis  in  lliese 
ilii;ilions.       ll  is  n  well  known  l';iel  Iliiil  old  sy|»liililie 
|,i.,< CHWH  »r<-    n'»i    ulwiiyn   mncnuhli'   lo   inwlicfttfofl 

(iiiiiiin:i   of  Hie  skill,   I»OIM'H,  tongue,  ele.,   wliieli   Illivr 
fi»r    yenrH    n-nisled    finlisypliililie    niedirnlion,    Inivi- 

Ii'  ;i|.  d  ;dl<  I  llniMHI^Ii  exeisioil.  It  WOlllll  HI'<MII  Hl- 
tionid  to  eni|)|ny  a  siniilnr  melliod  nf  |n<ieediire  in 
cjisi-H  of  piieliynieniii^itis  nypliilitieii  wliieli  (irovokc 
t.i;il  rli»turhunc<'«  und  do  not  yiHil  to  imy  other 
method  nl  treatment.  Indeed,  in  some  innt.iuiri'M,  it 

i-i     l»e    I     I.,     ;ill;i.  I       lli<      disi'llW    Klir^icillly     hefore     the 
••Ml, ml    '-oil'-     .nid     medidliir      siiltsliineeH    hrronie 


1 1  I  THK  SriuiKHY  OF  THE  BRAIN 

invaded,  and  important  functions  be  permanently 
impaired  or  destroyed.  Early  interference  is  espe- 
cially indicated  in  instances  where  the  process  is 
located  in  the  region  of  the  centers  concerned  in 
functions  essential  to  the  maintenance  of  useful 
life.  Experience  in  other  portions  of  the  body 
teaches  that  the  antisyphilitic  medication  becomes 
again  effectual  after  removal  of  an  obstinate  focus. 

In  order  to  complete  the  subject,  mention  should 
be  made  that  Actinomycosis  may  extend  to  the 
brain  and  form  areas  of  infection  within  its  substance. 

Perforating  Sarcoma  has  a  tendency  to  ex- 
tend outward  causing  ulceration  and  destruction  of 
the  bone,  and  appears  upon  the  surface  of  the  skull 
in  the  form  of  an  artheromatous  mass  in  the  scalp. 
Occasionally,  however,  the  growth  takes  place  to- 
ward the  brain.  A  separate  chapter  is  devoted  to 
consideration  of  dural  sarcoma. 

In  the  class  of  cases  just  discussed,  in  which  the 
brain  is  secondarily  involved  by  extension  of  the 
process,  the  treatment  involves  a  combination  of  tre- 
phining, dural  section  and  brain  resection.  As  these 
steps  are  given  detailed  consideration  in  other  por- 
tions of  this  work  they  need  not  be  taken  up  here. 


Operations  at  the  Base  of  the  Brain 

In  order  to  gain  access  to  the  base  of  the  brain  for 
the  purpose  of  attacking  tumors  in  this  situation,  it 
is  necessary  to  lift  the  brain  with  broad,  flat  retrac- 
tors. I  employ  for  the  purpose  the  form  of  instru- 
ment used  for  exposure  of  the  ganglion  of  Gasser 
(Fig.  27)  and  the  spatula?  shown  in  Fig.  28.  The 
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one  shown  in  Fig.  27  is  slightly  curved  at  the  handle 
end.  An  important  consideration  is,  whether  the  ap- 
proach is  made  after  the  dura  has  been  widely  opened 
or  the  dura  be  displaced  with  the  fingers,  dull  perios- 
teal  elevator,  or  by  means  of  small  gauze  wipes  at- 
tached to  slender  sponge-holders.  A  certain  degree 
of  pressure  upon  the  brain  obtains  in  either  instance. 
When  the  dura  is  left  intact  the  retractor  pressure  is 
disseminated  by  the  hard  resisting  dura,  and  pressure 
at  a  restricted  area  is  avoided. 
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However,  pressure  upon  the  unopened  dura  raises 
the  entire  cerebral  pressure  by  displacement  of  cere- 
bro-spinal  fluid  as  the  outcome  of  compression.  For 
instance,  raising  of  the  frontal  lobe  forces  the  cere- 
bro-spinal  fluid  from  the  lateral  ventricle  toward  the 
medulla  oblongata  and  may  give  rise  to  disturbances 
of  respiration  and  heart's  action,  which  are  at  times 
of  menacing  import.  To,  in  a  measure,  obviate  this 
contingency  the  dura  may  be  opened  to  a  slight  ex- 
tent, and  discharge  of  the  cerebro-spinal  fluid  per- 
mitted. Beyond  this,  lifting  of  the  brain  is  carefully 
executed,  and  the  pulse  and  respiration  subjected  to 
persistent  espionage  during  the  procedure.  To  ob- 
viate venous  bleeding  from  the  dura  and  bone  at  the 
base  of  the  skull,  the  wound  beneath  the  tractor  is 
loosely  packed  with  gauze  and  the  tractor  firmly 
pressed  downward.  When  the  brain  is  permitted  to 
reassume  a  more  normal  position,  the  bleeding  from 
the  dura  stops.  During  these  intervals  the  pressure 
on  the  brain  is  released. 

The  greatest  difficulties  are  confronted  as  the  out- 
come of  insufficient  illumination,  this,  of  course,  be- 
coming more  manifest  as  the  depth  of  the  wound  is 
increased.  Many  surgeons  employ  electric  forehead 
lamps  or  similar  apparatus.  The  writer  has  been  able 
to  succeed  so  far  with  daylight  alone;  however,  side 
illumination  from  a  high  window  is  exceedingly  de- 
sirable. The  best  artificial  illumination  apparatus 
is  that  manufactured  by  Zeiss  at  the  instigation  of 
v.  Eiselsberg. 

Operations  upon  the  brain  itself,  of  course,  cannot 
be,  like  removal  of  the  ganglion  of  Casser  and  tumors 
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connected  with  it  (see  chapter  on  this  subject),  ac- 
complished without  opening  the  dura.  However,  the 
first  portion  of  these  operations  may  be  performed 
without  section  of  this  membrane,  and  thus  the  brain 
tissue  be  spared  unnecessary  manipulation.  In  this 
connection  I  submit  u  description  of 

Exposure  of  the  Pituitary  Body 

based  on  the  history  of  the  following  case.  A 
technician,  twenty  years  of  age,  as  the  outcome  of 
an  unsatisfactory  love  affair,  fired  a  large-sized  bullet 
(7  mm.)  into  his  right  temple.  The  immediate  symp- 
toms were  severe  but  cleared  up  rapidly,  and  at  the 
end  of  a  month  the  patient  was  discharged  cured. 
The  Roentgengram  showed  the  bullet  located  in  the 
anterior  cranial  fossa  resting  upon  the  right  orbital 
plate  of  the  frontal  bone  (Fig.  29).  At  the  end  of 
several  additional  weeks  he  came  again  under  obser- 
vation suffering  from  severe  cephalalgia,  intermittent 
unconsciousness  and  disturbed  mental  operation. 
Removal  of  the  bullet  was  regarded  as  indicated. 
An  osteoplastic  flap,  6  cm.  wide  and  3^  cm.  in  height, 
was  fashioned  at  the  right  forehead  lateral  to  the 
frontal  sinus  and  the  dura  laid  aside  to  a  correspond- 
ing extent.  When  the  dura  was  raised  from  the  base 
of  the  skull  the  bone  was  found  studded  with  small 
pigmented  areas,  evidently  the  result  of  the  old 
injury.  The  bullet  was  found  near  the  inner  side  of 
the  orbital  plate,  close  to  the  entrance  of  the  optic 
nerve  into  the  orbit.  It  was  encased  in  a  rather  thick 
layer  of  periosteal  tissue.  After  removal  of  the  bullet 
the  flap  was  replaced  and  sutured.  The  patient  was 
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operated  upon  in  January,  1900,  and  recovered. 
Examination  made  near  the  end  of  1907  found  him 
entirely  free  from  symptoms. 

As  I  had  succeeded  in  reaching  the  optic  foramen 


.. 


Fig.  29. 

Revolver  Bullet  in  Anterior  Cranial  Fossa,  Lying  on  Posterior  Part 
of  Orbital  Plate.     Drawn  from  Radiogram. 

from  in  front,  in  order  to  extract  the  bullet,  it  seemed 
feasible  to  approach  the  pituitary  body  in  the  same 
way. 

As  shown  on  Plate  XVII,  the  technique  is  as  fol- 
lows:    A  right-angled  osteoplastic  flap,  5\  cm.  wide 
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and  -5  em.  in  height,  is  made,  the  base  of  which  is 
downward.  To  avoid  the  longitudinal  sinus  the 
median  section  is  made  H  to  2  cm.  lateral  from  the 
median  line.  This  oblique  avenue  of  approach  is 
better  than  the  more  direct  route.  The  dura  of  the 
frontal  lobe  is  now  in  view.  At  first  the  manipula- 
tions are  made  exfradurally,  since,  as  has  been  already 
stated,  less  disturbance  attends  the  lifting  of  the 
frontal  lobe  when  the  brain  is  protected  by  the  dura 
in  this  manner.  The  dura  is  loosened  from  the  upper 
surface  of  the  orbital  plate  as  far  back  as  the  lesser 
wing  of  the  sphenoid  bone.  Here  the  dura  is  opened 
in  a  vertical  direction  on  a  line  with  the  lower  median 
aiinle  of  the  wound  at  a  depth  of  5  cm.  (better  a  half 
cm.  farther  forward),  measured  from  the  anterior 
surface  of  the  frontal  bone.  If  the  incision  in  the 
dura  be  made  at  a  deeper  point  there  is  danger  of 
injury  to  the  optic  nerve  which  is  covered  by  the  dura 
in  this  situation.  Laterally  the  dura  is  opened  paral- 
lel with  the  posterior  border  of  the  lesser  wing  of  the 
sphenoid  bone  about  \  cm.  in  front  of  it,  to  avoid  the 
sinus  which  lies  immediately  in  contact  with  the  edge 
of  the  bone.  That  is,  the  incision  is  made  on  the 
upper  roof  of  the  orbit.  This  exposes  the  optic  nerve, 
coming  from  the  chiasm  and  to  the  side  the  cerebral 
carotid.  The  pituitary  body  is  located  beneath  the 
anterior  edge  of  the  chiasm.  It  is  to  be  noted  that 
the  peduncle  of  the  pituitary  body  arises  from  the 
brain  behind  the  chiasm,  but  that  the  hypophysis 
itself  lies  in  front  of  the  chiasm.  I  have  convinced 
myself  of  this  relationship  by  observations  upon  the 
cadaver,  which  I  have  also  verified  upon  the  living, 
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justifying  the  illustration  showing  this  arrangement. 
The  wound  is  somewhat  deeper  than  is  required  for 
removal  of  the  ganglion  of  Gasser,  measuring  from 
the  anterior  edge  of  the  bone  GJ  to  7  cm.  in  depth, 
according  to  whether  the  approach  is  made  from  the 
median  line  or  to  one  side.  The  diaphragm  of  the 
Sella  Turcica  is  now  carefully  incised  with  a  small 
hook-shaped  scalpel  and  the  hypophysis  is  readily 

removed. 

The  method  has  not  yet  been  employed  for  re- 
moval of  tumors  of  the  pituitary  body,  but  has  been 
used  in  the  instance  of  enucleation  of  a  large 

Tumor  at  the  Base  of  the  Skull 

which  was  located  exactly  at  this  situation.     The  pa- 
tient,  a  woman,  aged  thirty-four,  had  been  under 
observation  since  the  end   of   1904,   in   Schloessers 
Polyclinic,  for  disturbances  of  vision.     H.   Oppen- 
heim  diagnosticated  "a  tumor  at  the  base  on  the  left 
side  in  the  region  of  the  chiasm  in  the  middle  portion 
of  the  middle  fossa  of  the  skull.     It  is  not,"  he  pro- 
ceeds to  state  in  his  report,  "possible  to  state  whether 
the  growth  has  its  origin  in  the  base  of  the  skull  or  in 
the  brain  itself.     The  early  occurrence  of  character- 
istic eye  symptoms  (ultimately  left  amaurosis,  right 
temporal  hemianopsia)  argues  for  the  base  of  the  skull, 
so  also  does  the  late  appearance  of  hemiparietic  mani- 
festations on  the  right  side."     The  Roentgengram 
showed  an  unusual  shadow  in  the  region  of  the  Sella 
Turcica.     In  addition  to  this,despite  the  fact  that  the 
patient  suffered  great   discomfort,  the  body  weight 
had  increased  thirty  pounds  (from  115  to  145)  as  the 
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outcome  of  adipose  deposit  and  the  skin  had  become 
markedly  dry. 

The  first  step  of  the  operation  was  performed  as 
follows:  After  preliminary  control  of  bleeding  by 
the  Hcudenhcrin  method,  in  which  manner  I  isolated 
a  spherical  triangle,  the  base  of  which  corresponded 
to  immediately  below  the  supraorbital  ridge.  This 
space  measured  12  cm.  at  its  base,  beginning  at  the 
median  line,  and  ended  2  cm.  in  front  of  the  external 
auditory  meatus.  At  the  median  line  the  space 
measured  13  cm.  and  at  the  side  of  the  skull  15  cm. 
in  length.  In  this  case  I  directed  the  base  of  the 
osteoplastic  flap  upward,  so  that  in  case  it  became 
necessary  to  remove  the  orbital  plate  of  the  frontal 
bone  and  the  lesser  wing  of  the  sphenoid,  the  tongue 
of  soft  parts  delivering  nourishment  to  the  flap 
would  not  be  interfered  with;  also,  because  turning 
the  flap  down  over  the  face  would  not  have  conserved 
asepsis.  The  bone  was  sectioned  at  a  distance  of 
22  mm.  lateral  from  the  median  line,  and  the  flap 
measured  66  mm.  in  all  directions.  The  lower  outer 
drill  hole  perforated  the  greater  wing  of  the  sphenoid 
bone.  The  incisions  through  the  soft  parts  were 
made  unusually  large,  and  were  carried  through  the 
fibers  of  the  temporal  muscle,  as  enucleation  of  the 
tumor  was  regarded  as  of  doubtful  expediency,  and 
if  the  operation  were  to  be  restricted  to  simple  de- 
compression exposure  in  this  manner  was  necessary. 

Consequently,  after  fracture  of  the  base  of  the  flap 
and  its  displacement,  the  three  upper  trephine  open- 
ings were  enlarged  an  additional  centimeter,  so  that 
the  exposed  area  reached  to  2  cm.  behind  the  lesser 
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wing  of  the  sphenoid  bone.  At  this  time  the  anterior 
branch  of  the  middle  meningeal  artery  was  injured 
and  delimited  with  a  ligature  passed  round  it  with  a 
needle.  At  the  lower  edge  of  the  wound  the  dura 
was  torn  to  the  extent  of  a  centimeter,  and  the  brain 
forced  its  way  through  the  tense  dura.  The  pro- 
truding brain  was  supported  with  a  gauze  wipe  while 
the  lower  edge  of  bone,  i.  e.,  the  upper  edge  of  the 
orbit,  together  with  a  portion  of  the  orbital  plate,  wras 
removed  with  chisel  and  biting  forceps  to  sufficient 
an  extent  to  expose  the  base  of  the  skull  correspond- 
ing to  about  what  is  necessary  for  removal  of  the 
ganglion  of  Gasser.  The  frontal  sinus  and  the  longi- 
tudinal sinus  were  not  invaded  during  enlargement 
of  the  inner  portion  of  the  gap  in  the  bone.  The 
total  area  exposed  by  resection  measured  80  mm.  in 
front,  75  mm.  behind,  82  mm.  below,  and  72  mm. 
above.  The  osteoplastic  flap  was  replaced  and 
sutured  without  drainage. 

Three  weeks  later  extirpation  of  the  tumor  was 
undertaken.  The  osteoplastic  flap  was  strongly  ele- 
vated, and  at  the  edges  in  the  line  of  the  skin  incisions 
soft  pseudo-fluctuating  masses  could  be  quite  dis- 
tinctly palpated.  When  the  scars  were  opened  a 
considerable  quantity  of  degenerated  brain  substance 
welled  out.  Displacement  of  the  osteoplastic  flap 
revealed  that  the  prolapsing  brain  tissue  had  been 
forced  through  the  tear  in  the  dura,  which  occurred 
at  the  first  operation,  as  the  outcome  of  the  increased 
intracranial  pressure.  The  macerated  brain  tissue 
was  wiped  away  and  without  regard  for  the  tear,  the 
dura  was  separated  from  the  upper  surface  of  the 
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orbital  plate  of  the  frontal  bone  with  wipes  until  the 
posterior  border  of  the  lesser  wing  of  the  sphenoid 
was  reached.  This  measure  was  readily  accom- 
plished. The  longitudinal  sinus  became  visible  at 
the  median  side  of  the  opening,  but  was  not  injured. 
The  distended  frontal  lobe,  still  covered  by  dura, 
was  now  lifted  with  two  spatulse.  The  cerebral 
pressure  proved  to  be  enormous.  My  assistant  made 
forcible  traction  with  the  spatula  with  both  hands, 
using  his  entire  strength,  yet  managed  to  gain  only  a 
finger's  breadth  of  additional  space.  The  brain  felt 
like  a  strongly  blown  up  rubber  ball.  However,  as 
the  bleeding  was  slight  it  was  feasible  to  go  beyond 
the  lesser  wing  of  the  sphenoid  into  the  middle  cra- 
nial fossa  and  expose  the  beginning  of  the  temporal 
lobe  with  its  dural  covering.  This  is  shown  in  the 
illustration  as  a  dark  triangular  area  of  dura. 

Additional  traction  on  the  dura  caused  it  to  tear 
close  to  the  free  edge  of  the  lesser  wing  of  the  sphe- 
noid bone,  accomplishing  thus  the  intent  as  pre- 
viously described.  It  was  now  possible  to  obtain 
sufficient  room  between  the  bulging  brain  and  the 
upper  surface  of  the  orbital  plate  by  traction  with  the 
spatula,  to  gain  access  to  the  space  farther  back  and 
inward  toward  the  region  of  the  chiasm,  exposing  in 
this  way  a  reddish  corrugated  tumor  the  size  of  the 
distal  phalynx  of  the  thumb  (Plate  XVIII,  Fig.  a). 
In  order  to  determine  the  size  and  extent  of  the 
process  I  passed  my  left  index  finger  into  the  wound, 
keeping  close  to  the  neoplasm.  As  its  consistence 
was  hard  and  resisting,  I  was  able  to  separate  it  from 
the  surrounding  brain  tissue.  However,  I  was  un- 
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able  to  reach  its  distal  portion,  and  was  forced  to 
regard  enucleation  in  this  manner  as  impracticable. 

I  now  loosened  the  still  intact  dura  from  the  pos- 
terior aspect  of  lesser  wing  of  the  sphenoid  and 
drew  the  anterior  angle  of  the  temporal  lobe  back- 
ward, together  with  its  encasing  dura.  This  per- 
mitted of  a  view  of  the  left  opticus  which  appeared 
as  a  grayish  yellow  band.  I  was  able  to  demonstrate 
this  to  those  present — including  H .  Oppenheim.  At 
the  same  time  an  artery  several  millimeters  in  diam- 
eter came  into  view.  Judging  from  its  location  this 
probably  was  the  cerebral  carotid  or  one  of  its  ter- 
minal branches.  I  could  not  approach  the  tumor 
by  the  side  of  these  parts,  but  succeeded  in  displacing 
them  downward  without  doing  any  damage.  I  was 
now  able  to  reach  the  distal  portion  of  the  new  growth 
and  loosen  a  portion  the  size  of  a  walnut.  By  patient 
manipulations  with  the  finger  the  tumor  was  divided 
into  four  pieces,  which  were  enucleated.  As  the  last 
piece  was  removed  a  rather  sharp  venous  and  mod- 
erate arterial  bleeding  occurred,  which,  however,  was 
controlled  by  tamponade. 

The  tampon  was  removed  in  a  few  minutes  and 
the  extensive  residual  cavity  inspected  (Plate  XVIII, 
Fig.  b).  On  the  right  side  the  cavity  was  bounded 
by  the  anterior  portion  of  the  temporal  lobe  which 
now  encroached  toward  the  median  line  (in  the  illus- 
tration this  appears  as  the  two  lower  convolutions). 
At  the  bottom  of  the  space  the  Sella  Turcica  was 
visible,  which  admitted  the  end  of  the  index  finger, 
leaving  it  fair  to  assume  that  it  was  not  enlarged. 
The  depth  of  the  wound  was  from  the  skin  in  front 
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to  the  extreme  posterior  surface  10  cm.,  reaching 
backward  to  the  clivus  Blumenbachii,  i.  e.,  to  the 
anterior  edge  of  the  pons.  There  was  no  evidence 
of  remaining  fragments  of  the  growth.  The  tumor 
was  quite  globular  though  the  surface  was  lobulated. 
When  the  fragments  had  been  apposed  it  presented 
the  appearance  shown  on  Plate  XVIII,  c.  which  depicts 
the  neoplasm  in  natural  size.  It  measured  58  by 
48  by  18  mm.  The  wound  was  closed  by  suture. 

The  operation  was  an  exceedingly  extensive  one. 
However,  the  patient  recovered  sufficiently  later  in  the 
day  to  demonstrate  the  absence  of  paralysis.  The 
pulse  rate,  unfortunately,  was  120  per  minute  at  this 
time,  and  respiration  quite  labored.  The  latter  be- 
came so  hampered  that  frequently  the  lower  jaw  had 
to  be  pushed  forward  and  the  tongue  held.  Thirteen 
hours  after  the  operation  death,  apparently  from 
paralysis  of  respiration,  occurred. 

Autopsy  made  by  Professor  Oestreich  showed  the 
operation  area  to  contain  about  a  tablespoonful  of 
blood,  together  with  a  small  portion  of  macerated 
brain  tissue.  When  the  brain  was  removed  a  second 
intradural  tumor  was  discovered  in  the  left  middle 
cranial  fossa.  It  was  located  in  the  center  of  the 
fossa  and  was  adherent  to  the  lower  portion  of  the 
falx  cerebri  and  the  lateral  portion  of  the  Sella  Tur- 
cica.  The  bone  had  been  invaded  by  the  growth  to 
a  moderate  extent.  The  tumor  was  about  the  size  of 
a  plum,  hard,  lobular  and  quite  vascular.  It  had 
formed  a  depression  in  the  left  temporal  lobe  and 
caused  an  area  of  cerebral  softening  in  its  immediate 
contiguity.  The  Sella  Turcica  did  not  show  any 


120  THE  SURGERY  OF  THE  BRAIN 

evidence  of  change.  The  bone  was  sawn  across  in 
the  region  of  the  hypophysis,  disclosing  that  the  tumor 
had  involved  about  2  cm.  of  the  diaphragm  of  the 
Sella  Turcica  on  the  left  side.  Whether  the  pituitary 
body  itself  was  involved  was  not  discoverable.  The 
cerebral  carotid  which  had  been  exposed  during  the 
operation  was  clearly  visible. 

The  right  optic  nerve  was  quite  normal  in  ap- 
pearance, white  in  color  and  round  in  outline;  the 
left,  thin,  flat  and  reddish  gray  in  color.  The  chiasm 
was  displaced  to  the  right  and  occupied  an  oblique 
position.  The  left  motor  oculi  communis  was  flat, 
thin  and  gray-white  in  color.  The  other  cranial 
nerves  presented  no  macroscopical  evidence  of  alter- 
ation. The  arteries  at  the  base  of  the  brain  did  not 
show  any  degeneration.  The  longitudinal  and  trans- 
verse sinuses  contained  soft  clot  and  some  fluid  blood. 
The  entire  arachnoid  was  flimsy  and  transparent. 
The  convolutions  of  the  cortex  were  flat  and  the 
sulci  quite  obliterated,  the  surface  of  the  brain  mod- 
erately wet.  The  left  frontal  lobe  gave  evidence  of 
bruising. 

The  brain  was  not  incised  to  permit  of  hardening 
in  toto.  The  anatomical  diagnosis  of  fibrosarcoma 
(region  of  Sella  Turcica)  was  confirmed  by  the  sub- 
sequent microscopical  findings. 

Caton  and  Paul1  describe  a 

Temporal  Approach 

to  the  pituitary  body.     The  formation  of  the  osteo- 
plastic  flap  is  similar  to  that  employed  in  resection 

1  British  Medical  Journal,  1893.     II,  p.  1421. 
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of  the  ganglion  of  Gasser.  Horsley  has  made  several 
operations  of  this  sort,  approaching  the  hypophysis 
by  lifting  the  temporal  lobe  with  a  spatula  after  open- 
ing the  dura.  The  S-shuped  portion  of  the  cerebral 
carotid  is  in  the  way  when  the  approach  is  made  in 
this  manner,  and  should  be  carefully  avoided. 

My  student,  W.  Braun1,  has  demonstrated  on  the 
cadaver  that  extra  dural  approach  of  the  Sella 
Turcica  may  be  made  by  the  temporal  route  by  going 
beneath  the  cavernous  sinus.  However,  the  area 
exposed  in  this  way  is  quite  small. 

Friedmann  and  J/a.v«%  in  experiments  upon  cats, 
were  able  to  remove  the  hypophysis  by  splitting  the 
soft  palate  and  drilling  the  body  of  ihe  sphenoid  in 
the  median  line.  Fritz  Koenig  was  able  to  do  the 
same  on  adult  cadavers.  The  danger  of  this  method 
on  the  living  is  sepsis,  and  the  fact  that  the  field  is 
very  small.  Also,  it  must  be  remembered  that  the 
pituitary  body  is  completely  surrounded  by  large 
vascular  channels. 

The  Nasal  Route 

has  been  successfully  employed  by  Schloffer'  by  day- 
light and  without  the  aid  of  artificial  illumination 
or  reflectors. 

The  patient,  aged  thirty,  was  subjected  to  the  fol- 
lowing procedure.  The  entire  nose  was  turned  to 
the  right  in  the  manner  described  by  Bruns.  The 

'For  Exposure  of  the  Central  Portion  of  the  Middle  Cranial  Fossa, 
i  ..i-rrian  Ganglion  and  Cavernous  Sinus,  and  the  Hypophysis.  Deutscht 
Zeibchrifl  juer  Ckirurgie,  Bd.  87,  1907,  p.  157,  ff. 

1  Berlin  Klin.  H'orhentchrift,  1900,  No.  52. 

'Wiener  Klin.  Wochfrnchrifl,    XX,  No.  21,  1907. 
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turbinated  hones  and  soptuin,  together  with  the  inner 
wall  of  the  left  orbital  cavity  back  to  the  optic  fora- 
men, the  inner  wall  of  the  left  antruin  of  U  ighmore, 
and  a  portion  of  the  nasal  process  of  the  superior 
maxilla  were  excised.  The  ethmoid  cells  were  then 
opened  and  removed,  and  last  the  cavity  of  the 
sphenoid  was  opened.  Fifty-three  millimeters  back 
from  the  root  of  the  nose  a  thin,  transverse  bony 
wall  was  opened  with  forceps,  exposing  a  round  pul- 
sating tumor.  The  opening  in  the  bony  wall  was 
enlarged,  making  a  window  15  mm.  wide  and  10 
mm.  high  and  the  dura  incised  and  opened.  The 
latter  manipulation  was  followed  by  the  protrusion 
through  the  window  in  the  bone  of  a  bluish  mass. 
This  was  in  greater  part  removed,  piecemeal,  with  a 
blunt  pliable  tin  spatula,  and  a  small  portion  was  left 
behind  in  the  region  of  the  hypophysis.  The  man- 
ipulations provoked  very  little  bleeding.  Schloffer 
was  able  to  determine  the  size  and  form  of  the 
Sella  Turcica  with  the  probe.  The  larger  cavity 
(in  the  Sella  Turcica)  was  filled  with  balsam  of  Peru 
gauze,  and  a  smaller  tampon  of  the  same  material 
placed  against  the  adjacent  skull  base,  both  of  which 
were  led  out  through  the  nose.  The  wound  in  the 
soft  parts  was  sutured.  The  smaller  tampon  was 
removed  on  the  sixth  day,  the  larger  from  the  Sella 
Turcica  on  the  ninth.  Histological  examination 
showed  the  tumor  to  be  an  adenoma.  The  patient 
died  suddenly  two  and  a  half  months  after  the  opera- 
tion.1 Schloffer  does  not  regard  the  operation  as 

1  //.  Schloffer,  Further  Report  of  Case  Operated  upon  for  Tumor  of  the 
Hypophysis.     Wiener  Klin.  Wocltenschrijt,  XX,  No.  36,  1907. 
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more  difficult  than  removal  of  the  ganglion  of  Gasser. 
Autopsy  showed  the  wound  firmly  healed  and  the 
cavity  filled  with  connective  tissue.  The  size  of  the 
tumor  had  been  underestimated.  A  large  process  of 
the  growth  had  extended  into  the  brain  from  the  base 
of  the  skull  and  encroached  upon  the  frontal  lobe. 
Scli/offcr  had  estimated  the  portion  of  neoplasm  left 
behind  as  one-fifth  the  size  it  actually  was.  It  proved 
to  be  considerably  larger  than  the  portion  removed. 

Judging  from  the  drawing  accompanying  Schlojjer's 
last  report,  the  main  tumor  mass  would  have  been 
encountered,  had  my  frontal  method  been  employed, 
as  it  would  have  presented  when  the  frontal  lobe  was 
lifted.  Per  conlru  it  would  not,  perhaps,  have  been 
feasible  to  so  readily  invade  the  region  of  the  Sella 
Turcica. 

v.  Eiselsberg1  has  employed  a  method  quite  similar 
to  that  of  Sckloffer.  The  nose  was  turned  to  the  right 
side  after  the  soft  parts  had  been  divided  at  its  root. 
The  septum  was  divided  and  the  upper  turbinated 
bones  removed.  Next  the  frontal  sinus  was  exposed 
and  its  anterior  wajl  resected  with  the  chisel,  the  vo- 
mer  excised  piecemeal  up  to  its  origin,  the  periosteum 
pushed  aside  as  far  as  the  sphenoid  and  the  anterior 
wall  of  the  sphenoid  cavity  exposed.  Now,  v.  Eisels- 
berg carefully  gouged  into  the  cavity,  laying  bare  a 
glistening  white  membrane  of  the  dimensions  of  a 
hazel  nut.  When  this  was  incised  in  the  median  line 
a  tablespoonful  of  sanguinous  fluid  escaped.  A  cyst 
occupied  the  space  where  the  hypophysis  is  located. 

1  F.  Frankl-IIochwart  and  P.  E'uel*b*rg,  on  the  Operative  Treatment  oi 
Tumors  of  the  Hypophysis.  Verhandlungen  der  Gesellschaft  deutscher 
Nervenaertzte  und  Neuorolog.  Zenlralblatt,  1907,  No.  21. 
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The  incised  wound  pulsated  clearly.  As  much  tissue 
as  could  he  removed  from  either  side  of  the  incision 
without  damaging  the  chiasm  and  carotid  was  cut 
away  with  the  curved  scissors.  Under  the  micro- 
scope the  excised  fragments  of  tissue  appeared  to  be 
carcinomatous.  The  superficial  wound  healed  in 
twelve  days.  The  flattened  glabella  resulting  from 
removal  of  the  anterior  wall  of  the  frontal  sinus  gave 
the  patient  an  exceedingly  disagreeable  appearance. 
Of  course,  the  achievement  cannot  be  regarded  as  a 
radical  removal  of  the  affliction. 

Hochenegg  reported  a  case  of  successful  extirpa- 
tion of  the  pituitary  body,  at  the  Surgical  Congress 
at  Berlin,  1908.  The  printing  of  this  book  had,  how- 
ever, progressed  too  far  to  permit  of  my  taking  the 
case  up  in  this  connection. 

If  it  be  necessary  to  approach  other  areas  at  the 
base  of  the  skull  and  render  them  subject  to  inspec- 
tion and  palpation,  the  respective  portions  of  the 
brain  covering  the  parts  to  be  invaded  must  be 
lifted  in  the  same  manner  as  obtains  with  the  tem- 
poral and  frontal  lobes.  The  accurate  observation 
of  all  the  surfaces  of  the  cerebellum  is  of  signal  im- 
portance, and  for  this  reason  the  technique  will  be 
taken  up  at  this  time. 

Inspection  of  all  Surfaces  of  the  Posterior 
Cranial  Fossa  and  the  Cerebellum 

For  this  purpose  the  procedure  I  have  used  since 
1898  will  be  found  serviceable1.  Above  all  the  pia 

1  For  Exposure  of  the  Posterior  Surface  of  the  Petrous  Bone  and  Cerebellum. 
v.  Brans,  Beitraege  zur  Klinischen  Chirurgie,  Bd.  37,  Heft  3,  Seite  728. 
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mater  covering  the  cerebellum,  together  with  the 
ventral  arachnoid,  must  not  be  injured.  Despite  its 
thinness  it  gives  a  certain  amount  of  support  to  the 
cerebellum,  while  each  trauma  to  it,  especially  if 
there  be  great  cerebral  pressure,  is  attended  with 
protrusion  of  cerebellar  tissue  which  interferes  seri- 
ously with  observation,  and  in  some  instances  de- 
feats entirely  the  object  of  the  operation.  If  the 
patient  be  placed  in  the  sitting  posture  it  is  feasible 
to  approach  wide  areas  of  the  posterior  surface  of 
the  petrous  bone  by  tilting  the  head  to  the  healthy 
side,  provided  the  cranial  pressure  be  not  great. 
The  exposed  cerebellar  hemisphere  sags  to  the  de- 
pendent side  without  additional  assistance.  In  this 
way  the  bone  surface  is  sufficiently  exposed  to  make 
visible  a  vein  which  usually  enters  the  cerebellum 
from  the  superior  petrosal  sinus,  and  permit  of  its 
ligature.  (Fig.  30.)  If  necessary,  the  cerebellum 
is  displaced  with  a  pliable  spatula  which  can  be  ad- 
justed to  the  outline  of  the  several  surfaces  of  the 
cerebellum  (Fig.  28),  or  my  own  retractor  used  in 
approach  to  the  Gasserian  ganglion  may  be  employed 
(Fig.  27).  All  displacements  of  the  cerebellum  are 
to  be  carefully  and  slowly  executed,  as  in  this  way 
the  increased  intracranial  pressure  is  gradually  com- 
pensated for.  Also  in  this  manner  dangerous  dis- 
turbances of  the  respiratory  and  cardiac  centers  may 
be  avoided,  as  I  have  been  taught  by  experience. 

The  displacing  of  the  cerebellum  is  accomplished 
in  the  following  sequence: 

1.  Toward  the  median  line  (Fig.  30).  This  ex- 
poses the  upper  portion  of  the  posterior  surface  of 
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the  petrous  bone,  and  the  entrance  of  the  acusticus 
and  facial  nerve  into  the  internal  auditory  meatus. 
Additional  median  displacement  of  the  cerebellum 
exposes  these  nerves  backward  to  the  pons. 


Auditory  and 
Facial  Nerves 
Edge  of  Divided  Bone       Abducens  Nerve  Vein 


Tentorium 


Dura  mater     -  _  __ 


Cerebellum 


Brain  spatula 


Dural  flap 


Bone  flap  - 


Skin  flap 


Glosscvpharyngeal  Vagus, 
Spinal  Accessory 


Posterior  surface  ot 
Petrous  Bone 


Fig.  30 
Intradural  Exposure  of  Posterior  Surface  of  Petrous  Bone 

2.  Obliquely  backward  and  inward  (Plate  XVII, 
Fig.  b.)  exposes  clearly  the  glossopharyngeal  vagus 
and  spinal  accessory. 

3.  Directly  upward — exposes  still  more  the  three 
nerves  mentioned  together  with  the  posterior  cranial 
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fossa.  The  spinal  accessory,  as  it  rises  from  the 
spinal  canal  and  the  side  of  the  medulla  oblongata, 
are  clearly  definable  in  this  way. 

4.  Downward — exposing  the  upper  surface  of  the 
cerebellar  hemispheres.  (See  page  48.)  These 
displacements  do  not  give  an  obscure  picture,  but,  on 
the  contrary,  the  operator  obtains  a  view  of  the  more 
remote  areas  and  can  convince  himself  of  the  presence 
of  neoplasms  in  the  posterior  cranial  fossa  or  the 
neighborhood  of  the  cerebellum.  Especially  in  cases 
in  which  the  intracranial  pressure  is  not  great,  all 
surfaces  of  the  cerebellum  and  the  contiguous  bones 
are  readily  inspected.  If  the  intracranial  pressure 
be  markedly  increased,  as  happens  when  solid  tu- 
mors are  present,  the  problem  is  much  more  difficult. 
The  manipulations  in  these  instances  must  be  ex- 
ceedingly carefully  executed,  and  injury  to  the  cere- 
bellum assiduously  avoided.  Not  until  inspection 
and  palpation  of  all  surfaces  are  completed  may  in- 
cision or  excision  of  the  cerebellar  tissue  be  under- 
taken for  purposes  of  diagnosis.  I  make  it  an  abso- 
lute rule  to  observe  these  precautions  in  all  instances. 

Consideration  is  to  be  shown  the  veins  which  as- 
cend from  the  upper  surface  of  the  cerebellum  to  the 
tentorium  cerebelli  and  enter  the  transverse  sinus 
through  its  inferior  wall.  If  they  interfere  with  the 
procedure  they  should  be  doubly  ligated  and  divided. 
Unintentional  injury  to  these  vessels  may  result  in 
considerable  bleeding  coming  from  the  sinus.  How- 
ever, in  those  instances  in  which  bleeding  has  oc- 
curred from  this  source  as  the  outcome  of  failure  to 
recognize  the  sinus  until  obscuring  hemorrhage 
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occurs,   the   bleeding  has   been   controlled   by   tam- 
ponade  with  gauze  wipes. 

Extirpation  of  Tumors  at  the   Cerebello-Pontian    Angle 
(Tumors  of  the  Acusticus) 

A  separate  chapter  is  devoted  to  extirpation  of  tu- 
mors located  at  the  junction  of  the  cerebellum,  pons 
and  posterior  surface  of  the  petrous  bone.  How 
they  are  approached  has  just  been  described.  They 
are  removed  with  ease  when  they  originate  from  a 
nerve  trunk,  for  instance,  the  acusticus,  are  isolated 
from  the  surrounding  tissues  and  are  encapsulated. 

Plate  XIX,  Fig.  a,  depicts  a  specimen  taken  from 
a  male  patient,  aged  forty-eight,  who  developed  pneu- 
monia five  days  after  the  operation,  and  died  four 
days  later.  The  trephine  wound  was  found  quite 
healed  at  the  autopsy.  The  tumor  lost  its  connec- 
tions with  the  surrounding  brain  when  the  arachnoid 
was  removed  from  its  surface  and  the  neighboring 
parts  of  the  pons,  the  medulla  and  cerebellum.  A 
single  white,  soft  strand,  2-3  mm.  in  thickness,  main- 
tained the  connection.  This  had  its  attachment  at 
the  point  of  origin  of  the  acusticus-facial  bundle  be- 
tween the  pons  and  olivary  body.  There  was  no 
clear  line  of  demarcation  between  the  tumor  and  the 
right  half  of  the  pons  which,  together  with  the  con- 
tiguous medulla  (especially  olive)  and  the  peduncles 
of  the  cerebellum,  had  been  displaced  and  rendered 
impracticable  of  differentiation. 

At  times  tumors  of  this  sort  fall  into  the  space  made 
by  the  displacement  of  the  cerebellum  with  the  spat- 
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ula,  and  are  easily  removed  when  a  few  fibers  of  mem- 
brane are  severed. 

The  surgical  problem  is,  however,  more  difficult 
even  when  the  tumor  is  differentiated  by  its  color  and 
consistence  from  the  surrounding  brain  tissue  if  it 
be  incorporated  in  the  brain  tissue  itself.  Then  ex- 
tirpation must  be  carefully  accomplished.  A  case  of 
this  sort  is  shown  on  Plate  XIX,  Fig.  b.  The  patient 
had  been  under  the  observation  of  Geheimrat  Ziehen. 
The  extirpation  was  done  at  one  sitting,  and  as  the 
general  condition  of  the  patient  was  menacing  I  sac- 
rificed the  bone  in  order  to  conserve  speed. 

As  the  right  cerebellar  hemisphere  was  displaced 
upward  and  inward  with  the  spatula,  the  dark  grayish 
red  tumor  appeared  in  the  space  between  this  hemis- 
phere and  the  posterior  surface  of  the  petrous  bone, 
being  situated  5£  centimeters  from  the  surface  of  the 
skull.  The  tumor  was  covered  with  a  layer  of  con- 
nective tissue  which  I  tore  apart  with  a  dull  tenacu- 
lum,  and  attempted  to  deliver  it  writh  a  sharp  hook 
inserted  into  it.  This  maneuver  did  not  succeed,  as 
the  hook  tore  out.  I  now  introduced  behind  the 
tumor  a  large  metal  spoon,  such  as  is  used  for  the 
removal  of  gall  stones,  and  lifted  it  out.  The  neo- 
plasm was  about  the  size  of  the  distal  phalanx  of  the 
thumb.  It  measured  18  mm.  in  breadth  and  25  mm. 
in  length  and  proved  to  be  an  encapsulated  fibro- 
sarcoma.  The  patient  was  discharged  from  the  hos- 
pital cured.  The  clinical  history  will  be  found  under 
Observation  VII,  4.  Fig.  31  shows  the  tumor  drawn 
into  its  original  location  by  the  artist.  The  picture 
is  arranged  to  show  the  base  of  the  skull  from  above 
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and  the  contour  of  the  cerebellum,  the  pons  and 
medulla  oblongata  are  outlined  on  the  bone  corre- 
sponding to  their  normal  relationship.  The  tumor 
was  deeply  located  between  these  parts. 


Fig.  31 

Differentiation  in  color  and  consistence  in  this 
class  of  cases  is  not  always  as  clearly  marked  as  ob- 
tained in  the  case  quoted.  At  times  the  color  of  the 
neoplasm  is  not  different  from  that  of  the  cerebral 
tissue,  and  what  slight  difference  there  might  be,  in 
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this  respect,  is  obliterated  by  the  arachnoid  which 
covers  the  tumor  and  the  cerebellum.  Identification 
of  the  growth  is  rendered  still  more  difficult  because 
the  blood  vessels  cross  the  tumor  without  (  liange  in 
appearance  from  that  presented  over  the  normal 
brain  tissue.  As  the  outcome  of  intimate  associa- 
tion the  tumor  may  be  displaced,  together  with  the 
cerebellum,  and  thus  escape  recognition.  In  these 
instances  the  capsule  overlying  the  region  of  the 
cerebello-pontian  angle  must  be  carefully  torn  apart 
with  wipes  which  suffice  for  the  purpose,  as  the 
membranes  are  exceedingly  thin  in  this  situation— 
in  order  to  find  the  line  of  cleavage  between  the  nor- 
mal cerebellum  and  the  neoplasm. 

The  consistence  of  these  tumors  varies  considera- 
bly and  may  be  the  cause  of  difficulties  in  extirpation. 
When  they  are  very  hard  they  can  readily  be  enu- 
cleated by  blunt  dissection.  It  is  best  to  employ  for 
the  purpose  small  wipes  affixed  to  slender  holders 
which  may  be  used  alternately  with  the  pliable 
spatula  or  spoon.  The  most  reliable  instrument— 
the  tactile  finger — is  not  available  in  this  situation, 
as  it  occupies  too  much  room  ant;  may  produce  dan- 
gerous pressure  disturbances  upon  the  medulla  ob- 
longata.  All  manipulations  should  be  slowly  exe- 
cuted so  as  to  permit  of  accommodation  to  the 
abnormal  pressure  on  part  of  the  brain  tissue.  The 
posterior  surface  of  the  petrous  bone  may  be  sub- 
jected to  harsher  measures,  provided,  however,  these 
do  not  extend  to  the  facial  and  auditory  nerves.  I 
have  succeeded  in  removing  the  tumor,  which  had 
made  pressure  on  both  of  these  nerve  trunks,  from 
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the  patient  last  reported  (page  135),  without  injuring 
them.  Before  the  operation  the  otoscopic  findings 
indicated  complete  loss  of  hearing;  however,  at  the 
,.,„!  (,f  eight  months,  following  extirpation  of  the  tu- 
mor, the  patient  was  able  to  hear  whispered  words 
with  the  previously  afflicted  auditory  apparatus. 

After  the  tumor  has  been  loosened  from  the  cere- 
bellum and  tin-  posterior  surface  of  the  petrous  bone, 
the  last  retaining  connection  at  the  pons  is  separated 
with  the  spoon  or  pliable  spatula. 

As  an  example  of  the  method  of  extirpation  em- 
ployed in  this  class  of  cases  the  following  history  is 
submitted.     The  patient,  a  male  adult,  aged  forty- 
four  (Observation  VII,  6),  was  sent  to  me  by  Pro- 
fessor Seiffer  with  the  diagnosis  of  a  tumor  at  the 
angle  of  junction  of  the  cerebellum  and  pons.     On 
November  25th,  1907,  the  first  stage  of  the  operation 
was  performed,   and   on  December  4th  extirpation 
accomplished.     At  the  second  operation  only   light 
chloroform  narcosis  was  necessary,  and  only  5  g.  of 
this  agent  sufficed  for  opening  the  wound  and  in- 
cising the  dural  flap.     The  rest  of  the  operation  was 
completed  without  narcosis,  owing  to  the  unfavorable 
general  condition  of  the  patient.    This,  however,  did 
not  give  rise  to  any  pain.     The  incisions  through  the 
dura  were  made  immediately  contiguous  to  the  three 
sinuses.     The   first  incision  into   the   dura   was   at- 
tended by  a  forcible  discharge  of  cerebro-spinal  fluid 
which  subsided  into  a  less  vehement  flow  as  the  other 
incisions  were  made.     Division  of  the  falx  cerebelli 
was  not  necessary,  and  although  the  tumor  was  a 
large  one,  weighing  50  g.,  the  field  of  exposure  was 
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ample  for  the  purpose.  \Yhen  the  cerebellum  was 
displaced  toward  the  median  line  the  tumor  came 
into  view,  being  recognized  by  a  slight  elevation  from 
the  surrounding  tissues  (Fig.  32,  see  below).  Its 


Fig.  32 

color  was  the  same  as  that  of  the  cerebellum,  and  its 
surface  presented  blood  vessels  which  were  symmet- 
rically continuous  with  those  of  the  surrounding  brain. 
The  arachnoid  covered  the  tumor  in. the  same  way 
as  obtained  upon  the  normal  tissues.  The  thin  cap- 
sule of  the  neoplasm  was  now  opened  with  small 
wipes  held  in  slender  forceps;  at  the  site  of  junction 
of  the  cerebellum  with  the  mass  and  at  the  same  time 
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the  blood  vessels  were  torn  across.  This  step  began 
at  the  lateral  side  of  the  cerebellum,  and  the  tumor 
was  gradually  loosened  from  its  attachments  by  gently 
continuing  the  blunt  separation  over  the  greater  part 
of  its  surface.  This  was  accomplished  without  dam- 
age to  its  substance  as  its  consistence  was  somewhat 
(inner  than  that  of  the  brain  tissue  itself.  At  one 
point — at  its  upper  surface — it  was  necessary  to  tear 
some  nerve  fibers  with  which  it  was  quite  firmly 
associated.  (Facial  and  Auditory?) 

Not  until  the  tumor  had  been  separated  to  beyond 
its  equator  did  I  advance  farther,  carefully  inserting 
a  thin  pliable  brain  spatula  (Fig.  33).  With  this  in- 
strument the  tumor  was  now  detached  from  the  pos- 
terior surface  of  the  petrous  bone  and  the  contiguous 
basal  ganglia — at  the  same  time  watching  carefully 
pulse  and  respiration — and  delivered  in  toto.  The 
residual  cavity  measured  9  cm.  in  depth  and  pre- 
sented on  its  inner  surface  a  marked  indentation  in 
the  pons  and  medulla  oblongata.  A  rather  brisk 
arterial  hemorrhage  continued  to  well  up  from  the 
inferior  surface  of  the  cavity,  which  was  controlled 
by  gauze  tamponade  and  slight  pressure.  The  end 
of  the  tampon  was  led  out  of  the  wound  at  its  lateral 
lower  angle.  The  osteoplastic  flap  was  held  in  situ 
with  sutures.  The  tumor  measured— from  before 
backward,  55  mm.;  from  right  to  left,  46  mm.,  and 
45  mm.  from  above  downward.  The  patient  toler- 
ated remarkably  well  the  operation  despite  the  fact 
that  during  the  few  days  immediately  preceding  the 
extirpation,  his  general  condition  had  become  men- 
acing. Pulse  and  respiration  remained  good  until 
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suddenly,  at  the  end  of  five  hours  after  the  operation, 
respiration  ceased,  and  this  was  followed  by  cardiac 
paralysis.  The  autopsy  did  not  disclose  any  hemor- 
rhage. The  gauze  tampon  filled  lightly  the  cavity 
and  was  moderately  soaked  with  bloody  serum.  The 
opening  in  the  bone  reached  quite  to  the  foramen 


Fiff.  33 

magnum,  being  separated  from  it  by  a  narrow  rim  of 
bone.  To  the  left  the  breach  extended  considerably 
beyond  the  median  line. 

Only  when — as  in  this  case — the  tumor  is  removed 
en  masse  can  the  operator  be  certain  that  the  entire 
growth  has  been  extirpated.  Still  the  parts  contigu- 
ous to  the  residual  cavity  should  be  carefully  scruti- 
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nixed  for  portions  which  may  have  been  left  behind, 
especially  if  the  consistence  of  the  neoplasm  does 
not  differ  palpably  from  that  of  the  brain.     The  con- 
ditions are  markedly  less  favorable  when,  for  any 
reason,  the  tumor  needs  be  removed  piecemeal, 
these   instances   complete   extirpation   is   always   an 
uncertainty.     This   may   be   illustrated   by   relating 
the  history  of  a  patient  (a  woman  of  fifty-five)  sent 
me  by  II .  Oppenheim,  with  a  diagnosis  of  tumor  of 
the  right   acusticus.     The  neoplasm  was  quickly  ex- 
posed, being  located  beside  the  cerebellum;  however, 
despite  all  precautions  it  tore  repeatedly  as  the  out- 
come of  its  friable  (not  soft)  character,  though  at  no 
time  was  traction  made  nor  the  tenaculum  inserted. 
The  mass  was  removed  in  five  pieces  which  com- 
prised a  total  size  equal  to  that  of  a  plum.     The  im- 
mediate subsequent  behavior  of  the  case  was  excel- 
lent, the  wound  healed  by  primary  intention  and  the 
patient   was   regarded   as   out   of   danger.      On   the 
eighteenth    day   following    the    operation    the    pulse 
suddenly  increased  and  respiration  became  labored. 
A  light  pneumonic  infiltration  did  not  seem  to  ac- 
count for  the  disturbance,  and  three  days  later  the 
patient  succumbed.     Autopsy  showed  the  brain  mem- 
branes to  be  normal,  but  only  half  the  tumor  had  been 
extirpated.     The   remaining   portion   reached    1  cm. 
beyond   the    anterior   edge    of   the    pons.     This,    of 
course,  made  the  tumor  inoperable. 

Sarcoma  of  the  Arachnoid  in  the  Posterior 
Cranial  Fossa 

In  the  rare  instances  in  which  sarcomata,  which 
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have  their  origin  in  the  arachnoid,  are  situated  be- 
tween the  cerebellum  and  the  posterior  surface  of  the 
petrous  bone,  extirpation  is  accomplished  in  the  same 
manner  as  obtains  with  tumors  of  the  acusticus.  An 
example  of  this  sort  is  submitted  in  Observation  VII, 
5,  which  relates  the  history  of  the  most  extensive 
new  growth  I  have  as  yet  encountered  in  this 
situation. 

Extirpation  of  the  tumor  was  accomplished  in  two 
stages,  the  first  being  performed  on  May  2d,  and  the 
second  May  14,  1906,  in  the  case  of  a  boy  of  sixteen. 
Median  displacement  of  the  cerebellar  hemisphere 
with  the  spatula  exposed  at  the  depth  of  3  cm.  a 
bluish,  opalescent,  smooth,  slightly  fluctuating  tumor, 
which  presented  a  diaphragmatic  constriction  (Plate 
XX).  The  tumor  was  about  the  size  of  the  cere- 
bellar hemisphere,  and  because  of  its  smooth  surface 
I  was  able  to  encompass  it  with  my  little  finger;  it 
was,  however,  slightly  adherent  to  the  posterior  sur- 
face of  the  petrous  bone,  and  evidently  extended 
downward  into  the  occipital  foramen.  I  now  passed 
a  large  blunt  spoon  along  the  median  aspect  of  the 
growth  and  attempted  to  lift  it  from  its  bed  in  toto. 
The  thin  capsule  tore;  however,  the  greater  part  of 
the  mass  was  delivered  (48x40x28  mm.).  The  rest 
was  removed  in  a  similar  manner.  The  neoplasm 
measured  as  a  whole  8  cm.  in  length,  5  cm.  in 
breadth,  and  3  cm.  in  thickness  (Plate  XX,  Fig.  b). 
A  slight  arterial  hemorrhage  occurred  which  was 
readily  controlled  by  tamponade  of  the  residual 
cavity.  The  latter  was  7  cm.  in  depth. 

Up  to  the  time  of  introduction  of  the  blunt  spoon 
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pulse  ami  respiration  were  undisturbed.  The  mo 
ment  the  tumor  was  enucleated  respiration  suddenly 
ceased,  which  was  resumed,  however,  after  several 
minutes  of  artificial  efforts  directed  to  this  end.  The 
osteoplastic  flap  was  held  in  place  with  sutures.  Four 
hours  later  death  occurred  suddenly.  The  pulse  had 
until  this  time  been  rapid  but  of  good  volume. 

Section  of  the  brain  after  formalin  hardening 
showed  that  the  tumor  had  grown  into  the  contiguous 
brain  tissue,  causing  deep  indentures  and  displace- 
ment of  fibers  in  the  pons  and  medulla,  together  with 
atrophy  of  the  fibers  of  both  these  organs.  It  was 
not  possible  to  determine  whether  the  neoplasm  had 
caused  any  changes  in  the  contiguous  cerebellar 
hemisphere,  as  this  was  the  seat  of  hemorrhagic  infil- 
tration, the  outcome  of  the  arterial  bleeding  which 
occurred  during  the  operation,  and  the  normal  ap- 
pearance of  the  organ  was  effectually  obliterated. 
Microscopical  examination  did  not  give  additional 
information  in  this  regard  as  the  glia  of  the  cere- 
bellar hemisphere  appeared  as  irregular  fibers  lying 
in  a  mass  of  coagulated  blood. 

The  hemorrhage  was  probably  not  alone  the  result 
of  the  bleeding  at  the  time  of  the  operation,  but  was 
the  outcome  of  analogous  conditions  that  occur  in 
the  arteries  of  the  mesentery  after  removal  of  large 
neoplasms  from  the  abdominal  cavity.  In  our  case 
the  capillaries  of  the  pia  mater,  arachnoid,  the  pons 
and  cerebellar  substance  were  suddenly  relieved 
from  the  pressure  caused  by  the  growth,  and  the  con- 
sequent influx  of  blood  caused  the  hemorrhages.  In 
this  way  I  accounted  for  the  hemorrhage  w'hich 
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extended  into  the  olivary  body,  the  cerebellum  and 
the  left  cerebral  peduncle. 

The  microscope  showed  the  tumor  to  be  an  cede- 
matous  spindle-celled  sarcoma  in  which  a  few  islands 
of  fiber  detritus  and  glia  cells  were  present.  To  the 
naked  eye  the  surface  of  the  tumor  presented  more 
nearly  the  conditions  seen  in  tumors  of  the  spinal 
arachnoid  than  obtains  with  neoplasms  situated  at 
the  cerebello-pontian  angle,  chiefly,  however,  because 
it  lost  its  bluish  color  and  was  much  reduced  in  size 
after  removal. 

The  autopsy  also  revealed  an  unusually  marked 
hydrocephalus  of  the  entire  four  ventricles  of  the 
brain. 

Tumors  of  the  Cerebellum 

Extirpation  of  tumors  of  the  cerebellum  may  be 
accomplished  together  with  sacrifice  of  considerable 
cerebellar    tissue.     The    technique    is    readily    per- 
formed even  though  only  one  half  the  cerebellum  is 
exposed.     If  carefully  executed  one  third  and  even 
one  half  a  cerebellar  hemisphere  may  be  removed 
without— in  my  experience— grave  consequences.     I 
have  not  met  with  important  bleeding.     If  further  in- 
vasion becomes  necessary,  section  of  the  falx  cerebelli 
and  opening  of  the  adjacent  posterior  cranial  cavity 
becomes  necessary.     The  more  room  the  operator 
obtains  toward  the  healthy  side,  the  more  readily  is 
the  one  involved  approachable. 

At  an  autopsy  made  five  months  after  the  opera- 
tion the  entire  cerebellar  hemisphere  was  absent. 
The  patient  had  been  constantly  under  observation 


U(>  THE  SURGERY  OF  THE  BRAIN 

in  the  hospital  from  the  operation  until  death  oc- 
curred, and  at  no  time  did  symptoms  present  which 
could  in  any  way  be  traced  to  this  fact.  The  case 
was  one  of  a  girl  (nineteen  years  of  age)  who  had 
received  an  injury  of  the  head  when  fifteen  years  of 
age.  This  was  followed  by  cephalalgia,  chiefly  at 
the  back  of  the  head,  vertigo,  vomiting,  tachycardia, 
dysphagia,  left-sided  tinitus  aurium,  and  general 
convulsions.  The-  vision  became  reduced,  double- 
choked  disk  appeared,  and  locomotion  became  un- 
certain with  a  tendency  to  stagger  toward  the  left. 
After  prolonged  observation  Geheimrat  Ziehen  diag- 
nosticated a  tumor  of  the  left  cerebellar  hemisphere 
and  sent  the  case  to  the  Augusta  Hospital.  (For 
further  details  see  Observation  VIII,  3.) 

On  June  27th,  1904,  I  exposed  the  left  posterior 
cranial  fossa,  sacrificing  the  bone.  The  dura  was 
tense  and  did  not  pulsate.  As  the  dural  flap  was 
turned  aside  a  moderate  quantity  of  clear  fluid  es- 
caped. The  exposed  cerebellum  pulsated,  and  be- 
yond a  small  thickened  area  of  the  encasing  pia  did 
not  present  any  abnormality.  The  thickened  roughly 
granular  portion  of  the  pia,  together  with  the  subja- 
cent cortex,  was  removed  for  microscopical  examina- 
tion. Careful  inspection  and  palpation  of  the  con- 
tiguous surface  gave  negative  results.  Exploratory 
incision  into  the  cerebellar  tissue  was  also  negative  of 
result.  The  wound  was  closed  by  suture. 

The  immediate  outcome  was  favorable,  the  symp- 
toms disappeared,  the  violent  headache  disappeared 
from  the  day  of  the  operation,  in  fact  the  entire  gen- 
eral condition  of  the  patient  improved.  The  patient 
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left  the  bed  on  the  28th  of  July.  The  wound  was 
healed  except  for  a  surface  the  size  of  a  silver  dollar, 
corresponding  to  the  lateral  incision,  at  the  site  of 
which  a  white  mass  of  brain  tissue  protruded.  This 
was  cut  off  with  the  scissors.  It  became  necessary  to 
repeatedly  remove  in  this  manner  protrusions  of  brain 
tissue  which  varied  in  size  from  that  of  a  hazel  nut 
to  that  of  a  walnut.  In  each  instance  the  removal 
\\as  accompanied  by  discharge  of  large  quantities  of 
clear  fluid.  From  the  end  of  August  the  patient  went 
about  during  the  day,  and  by  September  10th  had 
gained  12  kilos  in  weight.  At  this  time  the  general 
condition  was  not  so  favorable— the  outcome  of 
retained  fluid.  Removal  of  a  prolapse  the  size  of 
a  silver  quarter  of  a  dollar  liberated  a  large  quan- 
tity of  fluid,  and  the  unfavorable  symptoms  dis- 
appeared. A  drain  was  now  introduced.  After  the 
beginning  of  October  the  patient  lost  ground  and  the 
release  of  fluid  no  longer  afforded  relief.  Death 
from  heart  failure  occurred  November  12th,  by  which 
time  the  patient  had  become  reduced  to  almost  a 
skeleton. 

Autopsy  showed  marked  hydrocephalus  internus, 
especially  of  the  fourth  ventricle,  and  an  almost  entire 
absence  of  the  left  cerebellar  hemisphere  (Fig.  34). 
The  improvement  had  been  due  to  relief  of  the  com- 
pression, the  outcome  of  the  trephining.  The  loss 
of  substance  of  the  left  cerebellar  hemisphere  did,  of 
course,  not  occur  at  one  time,  but  was  the  outcome  of 
the  frequent  removal  of  the  prolapsed  tissues.  No 
symptoms  referable  to  the  loss  of  cerebellar  tissue 
were  present  at  any  time. 
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From  tlie  view-point  of  this  case  it  seems  fair  to 
assume  that  extirpation  of  neoplasms  of  the  cere- 
bellum may  he  accomplished  at  the  expense  of  loss  of 
considerable  cerebellar  tissue  if  it  be  necessary  to 
widely  exci.'.o  them.  So  one  would,  in  a  case  of  con- 
glomerate tubercle  (I'late  XIX,  Fig.  c),  not  be  con- 
tent with  simple  removal  of  the  involved  area,  but 


Fig.  34 


would  widely  excise  the  surrounding  healthy  tissue. 
The  illustration  shows  a  case  of  a  young  man,  aged 
seventeen,  who  was  afflicted  with  a  tuberculous  focus 
in  the  region  of  the  central  fissure  (page  112).  Au- 
topsy revealed  an  additional  tuberculous  invasion  of 
the  right  cerebellar  hemisphere  the  size  of  a  walnut, 
which  originated  at  the  under  side  (lobulus  semi- 
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lunaris  inferior)  and  diffusely  infiltrated  the  cere- 
bellar  substance.  The  center  of  the  tubercle  was 
devoid  of  blood  vessels.  The  fissures  of  the  cortex 
did  not  extend  to  the  surface  of  the  mass.  Hori- 
zontal section  showed  a  central  area  of  softening  out- 
lined with  a  yellowish  fatty  zone,  which  extended 
from  the  cortex  in  a  circle  into  the  cerebellar  tissue 
over  an  area  the  size  of  a  silver  half  dollar.  The  edge 
of  the  tumor  was  entirely  surrounded  by  displaced 
gray  and  white  fibers. 

I  am  firmly  convinced  of  the  necessity  for  thorough 
removal  of  diseased  brain  areas,  together  with  the 
contiguous  healthy  tissue.  I  am,  however,  opposed 
to  the  sacrifice  of  normal  cerebellar  substance  with 
the  view  of  making  more  readily  accessible  the  pos- 
terior surface  of  the  petrous  bone  in  order  to  remove 
tumors  of  the  acusticus.  I  regard  the  displacement 
of  the  cerebellum  in  various  directions  as  described 
on  page  131  as  meeting  thoroughly  the  indications. 

Per  contra  I  regard 

Exploratory  Section  of  the  Cerebellum 

for  diagnostic  purposes  as  not  alone  justifiable  but 
as  positively  indicated  under  certain  circumstances. 
Subsequent  to  liberal  exposure  of  the  posterior  cranial 
fossa  and  delivery  of  the  suspected  cerebellar  hemis- 
phere, the  exploratory  section  is  easily  made,  and  I 
have  never  experienced  unfavorable  manifestations 
as  the  outcome  of  the  measure.  The  most  complete 
exposure  is  obtained  when  the  section  is  horizontally 
made,  beginning  at  the  lateral  aspect  of  the  hemis- 
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phi-re,  and  is  carried  to  the  median  line  to  a  depth  of 
four  centimeters.  The  cut  surfaces  are  held  apart 
with  Hat  right-angled  retractors.  In  one  case,  a  boy 
of  eleven  (Observation  VIII,  1),  in  which  I  sectioned 
both  hemispheres  in  the  manner  stated,  autopsy 
three  years  later  did  not  reveal  even  a  scar  at  the  site 
of  the  original  incisions. 

Exploratory  incision  is  important  on  the  ground 
that  deeply  located  tumors  are  not  recognized  as 
the  outcome  of  either  inspection,  palpation  or  punc- 
ture. In  this  connection  the  reader  is  referred  to 
the  case  of  Terrier  (page  48).  Terrier  attempted 
to  reach  the  cerebellum  by  splitting  the  occipital  lobe 
and  division  of  the  tentorium,  and  thus  enucleate 
the  tumor,  but  did  not  succeed.  The  patient  died 
four  months  later,  at  which  time  the  wound  had  en- 
tirely healed.  Autopsy  revealed  a  conglomerate  tu- 
bercle the  size  of  a  mandarin  located  in  the  left  cere- 
bellar  hemisphere.  Exploratory  incision  would  have 
disclosed  the  tumor  and  permitted  of  its  removal. 

Jn  the  case  of  a  male  nineteen  years  of  age, 
after  all  other  manipulations  had  failed  to  reveal  a 
lesion  in  the  exposed  right  cerebellar  hemisphere,  I 
made  an  incision  into  the  part  (4  cm.  in  depth), 
opening  a  cavity  the  size  of  a  large  cherry,  situated  in 
the  white  substance.  The  walls  of  the  cavity  were 
smooth,  grayish  red  in  color  and  moist,  but  no  fluid 
was  present.  As  the  hemisphere  had  been  liberally 
delivered  from  its  bony  fossa  the  cavity,  together  with 
the  contiguous  cerebellar  tissue,  was  excised.  The 
patient  died  two  days  later  of  heart  failure.  Au- 
topsy revealed  a  similar  cavity  in  the  left  unexposed 


EXPLORATORY  SECTION  or  THE  CEREBELLUM  151 

cerebellar  hemisphere,  also  an  enormous  dilatation 
of  all  the  ventricles  of  the  brain.  The  left  posterior 
horn  was  the  size  of  a  plum  and  the  fourth  ventricle 
dilated  to  the  size  of  the  distal  phalanx  of  the  index 
finger. 


Care  of  the  Wounds  of  the  Brain 

Primary  Suture 

Every  surgical  attack  upon  the  brain  should  be  fol- 
lowed by  complete  arrest  of  all  hemorrhage.     Spurt- 
ing arteries  and  the  larger  veins  should  be  deligated. 
To  arrest  oozing  I  make  temporary  gentle  pressure 
with  gauze  wipes.     After  this  is  accomplished  the 
ideal  conditions  are  to  replace  the  dural  flap,  which  I 
do  not  as  a  rule  hold  in  place  by  suture,  and  to  fix  the 
osteoplastic  flap  by  sewing  without  drainage  in  cases 
where  an  antiseptic  outcome  is  to  be  expected.     A 
small  opening  may  be  left  in  the  superficial  wound  to 
permit  of  discharge  of  the  slight  amount  of  blood 
collection,  which  occurs  for  the  first  few  hours  imme- 
diately following  the  operation.     Even  after  the  re- 
moval of  large  tumors  of  the  brain  the  technique 
spoken  of  may  be  employed,  for  it  is  astonishing  how 
soon  extensive  cavities  will  obliterate  as  the  outcome  of 
the  invasion  of  contiguous  portions  of  the  brain  into 
the  residual  space.     This  is  illustrated  in  the  instances 
shown  on  Plate  VI,  Fig.  c,  and  Fig.  26  (page  100). 

Tamponade  for  Bleeding 

Unfortunately,  the  method  just  indicated  is  not 
always  feasible.  At  times  the  operation  must  be 
rapidly  completed  because  of  threatening  general 
manifestations,  and  again  it  is  not  always  possible  to 
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locate  and  ligate  all  the  bleeding  points,  and  at  times, 
though  more  rarely,  the  venous  bleeding  is  so  great 
and  diffused  that  it  cannot  be  at  once  arrested.  In 
all  these  instances  it  is  necessary  to  introduce  strips 
of  plain  or  vioform  gauze  into  the  wound.  However, 
this  contingency  represents  rather  an  indulgence  of 
emergency  than  the  measure  which  should  be  the 
rule.  The  tampon  is  to  be  regarded  as  applicable 
to  venous  bleeding  rather  than  effectual  in  arterial 
hemorrhage.  Beyond  this  the  tampon  is  likely  to 
produce  softening  and,  indeed,  may,  if  applied  in  the 
region  of  the  medulla  oblongata,  cause  disturbance 
which  menace  the  life  of  the  patient.  I  always  make 
tamponade  with  several  wide  strips  of  gauze  which 
have  woven  edges,  introducing  them  carefully  into 
the  cavity  and  close  the  wound  with  sutures,  except 
for  the  space  requisite  to  permit  of  egress  of  the  gauze, 
and  in  addition  introduce  a  narrow  gauze  drain  into 
the  area  of  operation  close  to  the  lamina  vitra.  The 
tampon  causes  some  reaction,  and  if  the  portion  of 
gauze  lying  on  the  skin  becomes  dry,  and  the  exit  of 
secretions  and  cerebro-spinal  fluid  is  prevented,  pres- 
sure occurs,  which  is  obviated  by  the  presence  of  the 
smaller  drain.  The  gauze  strips  and  drain  are  re- 
moved— depending  upon  the  extent  of  bleeding — on 
the  fourth  to  sixth  day. 

Tamponade  in  Cerebral  Abscess  and  Tubercle 

The  treatment  of  the  brain  abscess  wound  is  differ- 
ent. The  entire  cavity  must  be  kept  open  to  permit 
of  healing  from  the  bottom  and  to  prevent  retention 
of  secretion.  For  the  purpose  I  use  iodoform  gauze 


l,-,4  THE  SURGERY  OF  THE  BRAIN 

with  the  view  of  obtaining  antisepsis.  Of  course,  the 
osteoplastic  flap  is  simply  laid  over  the  cavity  and  per- 
haps held  in  place  by  a  few  sutures.  The  dressing  is 
soon  saturated  with  cerebro-spinal  fluid  and  the  outer 
portions  must  be  changed  daily.  The  iodoform 
gauze  tampon  is  not  disturbed  until  the  third  to  the 
fifth  day. 

I  regard  it  advisable  to  tampon  the  residual  cavity 
after  removal  of  conglomerate  tubercle  for  several 
days  with  iodoform  gauze.  Even  though  the  merg- 
ing of  the  foci  have  not  taken  place  the  excision  of 
contiguous  healthy  tissue  may  not  have  effectually 
removed  all  the  disease,  and  recurrence  may  appear. 
The  technique  is  essentially  similar  to  that  I  employ 
in  tuberculosis  elsewhere  in  the  body.  At  the  end  of 
five  days  the  wound  may  be  closed  by  suture  if  no 
indication  to  the  contrary  appear.  In  the  event  of 
the  latter  contingency  tamponade  must  be  maintained 
until  all  evidence  of  infection  has  disappeared.  In 
this  connection  the  reader  is  referred  to  the  case  re- 
ported on  Page  181. 


Preparation    Dressing.  Time  of  Repair 

Posture  of  the  Patient 

During  all  operations  upon  the  brain  care  must  be 
exercised  to  avoid  undue  pressure  upon  the  thorax 
and  abdomen  which  might  interfere  with  respiration. 
The  top  of  the  table  should  be  arranged  to  allow  of 
change  of  position  on  its  transverse  axis,  so  as  to 
make  it  feasible  to  raise  the  head  of  the  patient  if 
venous  bleeding  be  excessive  (v.  Bergmann),  or  to 
lower  the  same  in  the  event  of  syncope. 

The  operating  room  should  be  warm  (24-28°  C.). 
Beyond  this  I  lay  the  patient  upon  warm  pads  at  the 
temperature  of  the  body,  and  wrap  the  entire  body 
in  woolen  blankets. 

For  operations  on  the  cerebrum  the  patient 
is  postured  with  the  shoulders  and  thorax  raised  to  a 
little  less  then  an  angle  of  45  degrees.  If  the  poste- 
rior portion  of  the  head  rests  on  the  pad,  i.  e.,  when 
the  anterior  portion  of  the  skull  is  being  invaded— 
the  portion  of  the  table  upon  which  the  pelvis  rests  is 
lowered  a  little  while  the  upper  body  is  caused  to  rise 
obliquely.  This  position  is  very  secure.  In  operat- 
ing on  the  side  or  posterior  aspect  of  the  head  it  is 
best  to  posture  the  patient  on  his  side  and  allow  the 
head  to  extend  beyond  the  edge  of  the  table.  In  all 
instances  an  assistant  holds  the  head  firmly  with  the 
fingers  apposed  to  the  jaw  and  cheeks. 

When  opening  the  posterior  cranial  fossa 
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the  patient  may  be  placed  on  the  sound  side  in  such 
a  manner  as  to  bring  the  shoulder  on  a  level  with  the 
edge  of  the  table,  a  posture  which  makes  readily  ap- 
proachable the  area  of  operation.  The  head  is  held 
by  an  assistant,  or,  better  still,  may  rest  on  the  head 
supporter  (see  this  chapter),  as  is  employed  by  the 
writer  during  operations  upon  the  spinal  cord.  In 
the  case  of  fat  persons  or  those  who  have  short  necks, 
this  posture  does  not  give  sufficient  room,  and  I 
employ  it,  as  a  rule,  only  for  the  first  step  of  the  tre- 
phining, although  I  have  removed  tumors  of  the 
acusticus  on  two  occasions  with  the  patient  in  this 
position. 

As  a  rule  the  operator  finds  it  convenient  to  be 
seated  when  invading  the  cerebellum.  The  head  of 
the  table  is  lowered  slightly,  head  and  shoulders  are 
permitted  to  extend  somewhat  beyond  the  back  sup- 
port, so  as  to  permit  of  ready  approach  beneath  the 
posterior  occipital  protuberance.  The  assistant  hold- 
ing the  head  turns  it  sidewise  or  bends  it  forward,  as 
the  necessities  demand.  An  assistant  is  detailed  to 
watch  the  pulse  and  respiration.  The  region  of  the 
medulla  oblongata,  with  the  center  of  respiration 
and  that  of  the  heart,  are  likely  to  be  disturbed, 
indeed,  twice  I  was  compelled  to  interrupt  the  opera- 
tion for  from  ten  to  fifteen  minutes  to  permit  of  re- 
establishment  of  function  in  this  connection.  The 
patient  reacted  very  nicely;  however,  had  the  pulse 
and  respiration  not  been  closely  observed  a  fatal  issue 
on  the  table  would  no  doubt  have  been  the  out- 


come. 


NARCOSIS  l.>7 

Narcosis 

I  use  chloroform  for  the  purpose  of  narcosis,  omit- 
ting previous  administration  of  morphin.     I  observed 
the   use   of   morphin-chloroform    narcosis   for   seven 
years  in  Volkmanns  clinic  and  have  not  been  con- 
vinced   of    its    advantages    over    simple    chloroform 
narcosis,  which  latter  I  have  employed  since  1889. 
I  do.  however,  use   morphin   in   moderate   doses  in 
adults,  to  control  the  pain  in  the  wound  after  the 
operation.     Despite  the  great  safety  of  ether,  its  use 
is  not  to  be  advised  in  brain  cases,  as  its  administra- 
tion enhances  venous  bleeding.     In  rare  instances  I 
have  used  ether  in  cases  of  non-compensated  heart 
lesions  when  operating  for  removal  of  the  ganglion 
of  Gasser.     Chloroform  lowers  blood  pressure,  and 
if  the  exposed  brain  presents  a  marked  hyperemia 
the  dosage  of  chloroform  may  be  increased,  provided 
there  be  no  indication  to  the  contrary.     As  a  general 
rule  the  administration  of  chloroform  in  operations 
on  the  central  nervous  system  should  be  carefully 
executed,   for   in   cases   of   cerebral   tumors   sudden 
death  may  occur  without  the  additional  dangers  of 
narcosis.     Death  in  these  instances  is  due  to  paralysis 
of  respiration,  and  the  heart  may  go  on  functionating 
for  a  considerable  period  of  time. 

Because  of  the  ready  control  of  dosage  I  prefer  the 
Roth-Draeger  oxygen-chloroform  apparatus.  This 
apparatus  possesses  the  additional  advantage  of  per- 
mitting of  the  inhalation  of  pure  oxygen  which  proba- 
bly is  desirable  in  the  event  of  respiratory  or  circula- 
tor}' disturbances.  Horsley  states  that  the  inhala- 
tion of  oxygen  lessens  both  venous  and  capillary 
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bleeding.  When  the  color  of  the  flowing  blood 
changes  from  dark  purple  to  light  scarlet  the  hemor- 
rhage usually  ceases. 

The  brain  itself  is  not  sensitive.  The  actual  attack 
upon  the  brain  substance,  which  is,  of  course,  the  dis- 
turbing factor  with  regard  to  respiratory  and  cardiac 
failure,  may  be  executed  with  very  light  narcosis. 
The  scalp,  periosteum  and  dura  mater  are  exceed- 
ingly sensitive,  the  bone  when  denuded  of  periosteum 
is  quite  devoid  of  sensibility. 

In  discussing  this  portion  of  the  problem  the  ques- 
tion arises  as  to  the  applicability  of  local  anesthesia, 
and  thus  eliminates  the  dangers  of  narcosis.  My 
experience  leads  me  to  the  conclusion  that  only  very 
minor  manipulations  of  the  brain,  as  for  instance, 
brain  puncture  may  be  accomplished  under  local 
anesthesia.  Pain  is  not  the  only  factor  entering  into 
the  proposition.  The  preparation  for  operation,  the 
posture  and  complicated  necessary  manipulations, 
together  with  the  mental  disturbance  and  the  extreme 
suffering  the  patient  has  already  been  subjected  to, 
lead  the  observer  to  the  conclusion  that  a  carefully 
controlled  general  narcosis  is  by  far  more  desirable. 
Still  more  important  is  the  consideration  that  mental 
disturbance  may  cause  a  fatal  outcome  as  shown  in 
instances  when  cases  previous  to  the  introduction  of 
narcosis  died  on  the  table  before  the  operation  had 
been  commenced. 

Rapidity  of  technique,  as  far  as  is  consistent  with 
safety,  avoidance  of  unnecessary  loss  of  blood,  preven- 
tion of  exposure  to  cold  and  strict  asepsis,  are  the  most 
important  determining  factors  in  this  class  of  cases. 
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As  far  as 

Asepsis 

is  concerned,  I  have  the  entire  head  shaved  twenty- 
four  hours  before  the  operation  and  encase  the  cra- 
nium in  a  gauze  dressing  liberally  soaked  with  a  one- 
half  per  cent,  formalin  solution,  and  maintain  the 
moisture  by  the  application  of  a  rubber  tissue  pro- 
tective. Immediately  before  the  operation  the  scalp 
is  cleansed  with  warm  water  and  soap,  lavaged  with 
a  solution  of  corrosive  sublimate  1  in  1000,  then 
ether  is  poured  over  the  surface,  and  last  a  normal 
saline  solution  is  employed  to  dislodge  the  agents 
mentioned.  For  the  purpose  of  cleansing  the  hands 
I  have  used  since  1889  a  free  scrubbing  with  hot 
water  and  soap,  followed  by  lavage  with  corrosive 
sublimate  solution  1  in  1000.  I  have  abandoned  the 
use  of  alcohol  in  this  connection  as  my  own  hands, 
and  those  of  several  assistants,  did  not  bear  well  its 
use.  I  regard  the  care  of  the  hands  an  important 
consideration,  as  smooth,  soft  skin  is  more  readily 
cleansed  than  if  it  be  hard  and  cracked.  The  use  of 
glycerin  and  partially  dried  soap  will  be  found  a 
useful  application  to  this  end. 

The  sterile  towels  used  in  isolating  the  operative 
field  are  held  in  place  with  a  few  stitches  to  avoid 
their  being  displaced  during  the  operation.  Anti- 
septics are  not  permitted  to  come  in  contact  with  the 
wound.  The  sublimate  solution  is  removed  from  the 
hands  by  drying  them  with  gauze.  In  aseptic  cases, 
iodoform  is  not  employed  either  in  powder,  etherial 
solution  or  glycerin  mixture.  Iodoform  gauze  is 
also  not  placed  in  contact  with  the  wound.  If  it  be 
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necessary  to  employ  tamponade  for  the  purpose  of 
arresting  bleeding,  the  cavity  is  filled  with  either 
sterile  or  vioform  gauze.  For  ligatures  and  scalp 
transfixion  (except  the  longitudinal  sinus,  page  37) 
I  use  thin  linen  thread.  For  suturing  I  employ  silk. 
The  results  obtained  from  dry  dressings  are  suffi- 
ciently satisfactory  to  warrant  continuance  of  their 
employment.  Of  sixty-four  cases  of  extirpation  of 
the  ganglion  of  Gasscr,  together  with  numerous  asep- 
tic brain  operations  (excluding  abscess  and  neglected 
compound  fractures)  we  did  not  lose  one  case  from 
meningitis,  and,  indeed,  neither  as  an  immediate 
outcome  or  after  protracted  lapse  of  time,  as  shown 
by  the  uncomplicated  repair  of  the  wound  and  the 
post  mortem  findings  in  those  cases  resulting  in 
death.  We  operate  with  bare  hands,  which  I  use 
extensively  for  the  purpose  of  palpation  and  enuclea- 
tion  of  tumors,  and  do  not  employ — in  aseptic  cases 
—either  gloves  or  the  face  mask.  Of  course,  we 
guard  carefully  against  manual  contact  with  infec- 
tious material. 

The  Dressing 

The  portion  of  the  dressing  in  immediate  contact 
with  the  wound  should  consist  of  sterile  gauze  to 
avoid  irritation  of  the  skin  which  may  arise  if  anti- 
septics be  employed  for  the  purpose.  However,  as 
brain  operations  in  which  tamponade  is  made  are 
followed  by  discharge  of  large  quantities  of  cerebro- 
spinal  fluid  which  soaks  very  soon  the  dressing,  the 
outer  layers  of  gauze  should  be  impregnated  with 
sterile  iodoform  with  the  view  of  furnishing  a  certain 
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amount  of  antiseptic.  A  soaked  dressing  should  not 
be  permitted  to  remain  in  situ  longer  than  a  day, 
for  this  condition  affords  a  favorable  medium  for 
the  growth  of  bacteria.  When  the  dressing  is  changed 
the  surface  contiguous  to  the  wound  is  cleansed  with 
gauze  wipes  soaked  with  ether. 

The  removal  of  sutures  and  tampons  has  already 
been  sufficiently  discussed. 

Patients  are  not  permitted  to  leave  the  bed  for  at 
least  three  weeks  following  the  operation  in  cases  of 
trephining  for  Jacksonian  epilepsy.  In  instances 
where  the  brain  has  been  extensively  invaded  con- 
finement to  bed  for  several  months  may  be  necessary. 


Wound  Complications 

It  is  not  within  the  scope  of  this  work  to  discuss 
all  the  occurrences  which  may  become  manifest  dur- 
ing repair  of  the  trauma  consequent  to  brain  opera- 
tions. The  reader  is  referred  for  additional  informa- 
tion in  this  regard  to  the  added  clinical  histories.  At 
this  time  only  such  complications  wrill  be  taken  up 
as  call  for  surgical  interference. 

In  clean  cases,  brain  operations  may  be  executed 
with  the  reservation  that  septic  infection  is  avoidable. 
We  aim  to  prevent  the  occurrence  of  moderate  local 
sepsis,  removing  the  sutures  on  the  third  to  the  fifth 
day,  thus  obviating  occurrence  of  small  necrotic  areas 
of  the  soft  parts.  Especially  is  this  desirable  when  a 
second  step  operation  is  to  be  undertaken. 

Bone  Necrosis 

If  separation  of  the  periosteum  is  avoided  necrosis 
of  the  bone  rarely  occurs  in  aseptic  cases.  Bone  ne- 
crosis is  very  likely  to  occur  if  the  periosteum  is 
widely  separated  at  the  edges  of  the  flap,  and  espec- 
ially is  it  liable  to  occur  in  purulent  processes.  In 
the  latter  cases  the  cavity  is  tamponed,  and  this  causes 
interference  with  nutrition  in  the  bone.  Owing  to 
the  consistence  and  thickness  of  the  cranial  vault 
demarcation  and  separation  of  necrotic  bone  areas  is 
a  prolonged  process,  and  this  together  with  carious 
degeneration  of  the  edges  of  the  bone  sections  may 
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be  maintained  for  months  before  ultimate  healing 
takes  place.  No  general  rule  as  to  whether  removal 
of  the  diseased  bone  is  indicated  may  be  given  the 
reader  for  guidance. 

Early  in  my  experience  I  had  two  cases  in  which 
extensive  necrosis  of  bone  occurred.  Both  cases 
were  operated  upon  for  removal  of  the  ganglion  of 
Gasser  by  my  own  osteoplastic  flap  method  at  the 
temporal  region.  The  one  case  was  one  of  one- 
sided resection  of  the  ganglion,  the  osteoplastic  tem- 
poral flap  being  fashioned  with  the  circular  saw. 
(August  23d,  1895.)  The  patient  had  been  sub- 
jected to  peripheral  trifacial  resection  at  which  time 
a  certain  degree  of  hemophilia  was  discovered.  Ow- 
ing to  the  severe  and  persistent  bleeding  at  the  time 
of  the  intracranial  neurectomy  the  operation  lasted 
three  hours.  The  prolonged  hemostatic  manipula- 
tions subjected  the  flap  to  considerable  trauma  and 
the  periosteum  was  largely  separated  from  the  bone. 
Replacement  of  the  flap  was  nevertheless  made.  The 
other  case  (the  second  attempt  of  the  kind  made  by 
myself  in  1892),  that  of  a  man,  aged  sixty-two,  the 
intracranial  resection  of  the  second  branch  of  the 
nerve  required  chiseling  of  the  bone.  The  operation 
was  performed  on  both  sides  at  the  same  time,  and 
owing  to  the  enfeebled  general  condition  of  the  pa- 
tient the  second  wound  was  tamponed  for  five  days 
before  resection  of  the  ganglion  was  undertaken. 
The  consequent  prolonged  interference  with  nutri- 
tion resulted  in  necrosis.  I  have,  however,  quite 
abandoned  tamponade,  and  close  the  wound  with 
sutures  in  the  manner  already  stated  (Page  28). 
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In  those  two  cases  the  bone  necrosis  was  not  ac- 
companied by  fever.  The  process  expressed  itself  in 
an  d'dematous  swelling  of  the  skin  flap  and  adjacent 
tissues  together  with  puffiness  of  the  lower  eyelid. 
On  the  tenth  day  the  wound  was  opened  and  the 
bone  flap  removed.  The  excised  bone  showed  a  thin 
layer  of  fibrinous  pus  on  its  inner  surface.  The  scalp 
flap  was  replaced  and  sutured,  and  drainage  intro- 
duced into  the  two  lower  angles  of  the  wound.  A 
small  amount  of  purulent  discharge  accompanied  the 
healing,  which  latter  was  achieved  without  rise  of 
temperature. 

Exfoliation  of  small  portions  from  the  edges  of  the 
bone  flap  occurred  in  two  other  cases  under  my  ob- 
servation. In  neither  case  was  interference  called 
for.  The  necrotic  bone  was  eliminated  in  the  form 
of  fluid  discharge.  The  process  was  exceedingly  pro- 
tracted, the  fistula?  remaining  patent  for  eight  and 
ten  months  respectively.  To  prevent  occurrences  of 
this  sort  the  edges  of  the  bone  flap  which  have  been 
denuded  of  periosteum  should  be  removed  with  the 
biting  forceps.  Accidental  separation  of  periosteum 
is  prevented  by  the  application  of  my  claw  forceps, 
depicted  on  page  19. 

Secondary  Hemorrhage 

Secondary  bleeding  into  the  defect  in  the  brain 
remaining  after  operation  gives  rise  to  dangerous 
manifestations  which  not  infrequently  threaten  life. 
This  may  be  illustrated  by  the  case  of  a  merchant, 
aged  twenty-three,  (Observation  VII,  1)  who  pre- 
sented all  the  symptoms  of  tumor  of  the  cerebellum. 
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After  opening  the  posterior  cranial  fossa  a  cyst  was 
incised  (Page  65)  and  the  cavity  tamponed  with 
vioform  gauze.  At  the  end  of  five  days  the  tampon 
and  the  drain  were  removed  at  which  time  no  fluid 
secretion  was  discharged.  During  the  few  days  fol- 
lowing the  operation  the  marked  symptoms  of  cere- 
bral compression  had  disappeared  and  the  less  mani- 
fest symptoms  had  much  improved;  however,  four 
days  later  the  evidence  of  cerebral  compression  again 
appeared.  When  the  dressing  was  removed  a  large 
quantity  of  clear  fluid  poured  from  the  lower  right 
angle  of  the  wound.  The  osteoplastic  flap  manifested 
definite  pulsation.  Despite  this  fact  the  compression 
symptoms  did  not  diminish,  the  temperature  rose  in 
the  evening  to  39.5  and  40.  There  was  no  rigidity 
of  the  neck,  but  dysphagia  and  subconsciousness  rap- 
idly developed.  For  these  reasons  I  felt  justified  in 
opening  two  days  later  (eleven  days  after  incising 
the  cyst)  the  entire  wound.  Clear  fluid  dripped  con- 
stantly from  the  lower  left  corner  of  the  wound,  and 
the  osteoplastic  flap,  which  had  quite  advanced  to- 
ward repair,  pulsated  visibly.  While  the  skin  was 
being  shaved  and  cleansed  with  ether  a  rather  forci- 
ble stream  of  clear  fluid  bubbled  out  of  a  grayish 
granulating  area  located  at  the  center  of  the  wound 
(about  20  cm',  in  quantity).  However,  I  regarded  it 
as  proper  to  expose  the  entire  operation  field  in  view 
of  the  patient's  menacing  general  condition.  The 
osteoplastic  flap  was  rapidly  turned  down  with  the 
closed  scissors. 

The  exposed  cerebellum  appeared  normal,  its  sur- 
face was  smooth  and  shining  and  of  the  same  color 
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as  at  the  previous  operation.  There  was  no  swelling, 
softening,  necrosis  or  pus  present.  The  only  ab- 
normality presented  on  the  surface  of  the  left  cere- 
bellar  lobe  in  the  form  of  a  slightly  protruding  area 
the  size  of  the  distal  phalanx  of  the  thumb,  which  was 
dark  blue  in  color  and  corresponded  to  the  site  of  the 
cyst  opened  at  the  previous  sitting.  The  incision 
into  the  cerebellum  had  quite  healed,  but  was  now 
bluntly  separated,  exposing  a  cavity  the  size  of  a  plum 
which  was  tensely  filled  with  coagulated  blood.  This 
was  gently  expressed  and  the  cavity  tamponed  with 
vioform  gauze.  The  osteoplastic  flap  was  sutured 
into  its  original  position.  The  following  day  the 
more  marked  symptoms  of  compression  disappeared. 
The  tampon  was  removed  on  the  fourth  day,  and  two 
days  later  the  sutures  were  removed. 

The  disturbance  was  evidently  due  to  the  fact  that 
after  the  tampon  had  been  removed  (five  days  after 
the  operation)  the  cerebellar  wound  became  glued 
together,  and  bleeding  occurred  from  the  not  yet 
obliterated  vessels  in  the  cyst  wall  which  distended 
the  cavity.  The  coagulum,  acting  like  a  tumor  and 
together  with  the  retained  fluid,  provoked  the  symp- 
toms of  compression.  After  the  second  operation 
recovery  went  on  to  completion  without  interruption 
which  was  still  maintained  at  the  end  of  a  year  and  a 
half. 

In  two  cases  of  cortical  excision  for  Jacksonian 
epilepsy  it  was  necessary  to  reopen  the  operation 
wound  because  of  blood  and  fluid  collections  which 
produced  menacing  compression  symptoms.  The 
first  case  was  that  of  a  man,  aged  thirty  years,  (Ob- 
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servation  I,  9)  who  was  subjected  to  cortical  excision 
on  October  loth,  1902,  after  locating  the  primary 
spasm  area  with  the  Faradic  battery  in  the  iorearm, 
hand  and  face  centers.  The  operation  did  not  make 
any  serious  impression  on  the  patient's  general  con- 
dition. The  pulse  was  regular,  quite  full  and  strong 
(80).  The  immediate  course  was  favorable,  the 
drain  and  gauze  strip  being  removed  on  the  fourth 
day  and  the  sutures  three  days  later.  The  tempera- 
ture reached  37.8  at  the  end  of  thirty  hours,  and  fluc- 
tuated in  the  neighborhood  of  37  until  the  eighth 
day,  when  it  rose  to  38.7  degrees.  The  evening  of 
the  day  of  operation  the  pulse  rose  to  128  but  slowly 
dropped  to  92.  Simultaneously  with  the  increase  of 
temperature  the  pulse  rose  again  to  128.  There  was 
no  evidence  of  meningitis,  and  the  wound  was  healed 
except  for  the  drainage  openings. 

The  patient  became  subconscious  and  complained 
of  bladder  tenesmus.  Radiating  pains  in  the  thigh 
developed  and  the  entire  right  leg  was  markedly 
weaker  than  it  had  been  during  the  latter  few  days. 
The  muscles  of  the  thigh  were  contracted.  The  evi- 
dence of  irritation  pointed  to  a  focus  in  the  leg  center. 
On  October  23d,  under  chloroform  narcosis,  I  opened 
the  entire  wound,  which  required  the  knife  for  the 
purpose,  owing  to  the  firm  union  already  established, 
and  turned  aside  the  osteoplastic  and  dural  flaps. 
We  found  a  brownish  red  firmly  coagulated  clot 
lying  on  the  surface  of  the  brain  at  the  upper  portion 
of  the  exposed  field  by  the  side  of  which  clear  fluid 
oozed  out.  When  this  was  removed  the  correspond- 
ing surface  of  the  brain  glistened,  but  was  slightly  in- 
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,  filtrated  with  bloody  exudate.  A  few  strips  of  iodo- 
forin  gau/e  were  laid  on  the  involved  area  and  the 
dural  and  hone  flaps  replaced  after  a  small  drain  had 
been  introduced.  The  next  day  the  temperature  fell 
to  37.9  degrees,  and  the  following  day  to  37  degrees. 
The  pulse  dropped  to  104.  Restlessness  and  the 
other  symptoms  disappeared.  Repair  of  the  wound 
occurred  without  further  complications.  The  tam- 
ponade  was  renewed  with  sterile  gauze  every  three 


Fig.  35. 

days  and  continued  for  fourteen  days  (until  Novem- 
ber 7th),  at  which  time  the  bone  was  pushed  into  the 
space  in  the  skull.  As  hernia  cerebri  did  not  develop, 
the  bone  healed  into  place  without  disturbing  the 
normal  outline  of  the  skull.  (Fig.  35.)  On  Decem- 
ber 29th  the  patient  was  discharged.  In  the  other 
case  of  Jacksonian  epilepsy  the  disturbances  were 
the  outcome  of 

Retention  of  Fluid 

The  patient,  a  feeble  boy,  aged  twelve  years,  had 
quite  overcome  the  effects  of  excision,  of  the  hand 
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center  (Observation  I,  5).  The  temperature  had 
risen  once,  on  the  evening  of  the  day  of  the  operation, 
to  38.5,  the  pulse  to  136.  On  the  second  day  the 
record  showed  temperature  37.5,  pulse,  96.  Despite 
this  the  patient  at  this  time  became  restless  and  vom- 
ited persistently,  although  he  had  quickly  recovered 
from  the  effects  of  chloroform  after  the  first  opera- 
tion. There  was  no  interference  with  the  move- 
ments of  the  head,  and  indeed,  he  showed  no  symp- 
toms of  meningitis.  His  appearance  was  unfavorable 
and  the  general  condition  so  enfeebled  that  he  did 
not  retain  the  smallest  nutritive  enema.  As  the  con- 
ditions continued  to  grow  more  menacing  and  en- 
dangered life,  I  lifted,  on  the  third  day  after  the  opera- 
tion (October  27th,  1907)  the  large  osteoplastic  flap 
(60x80  mm.)  and  the  dural  flap  (50x78  mm.)  empty- 
ing out  a  small  quantity  of  coagulum  and  a  large 
amount  of  cerebro-spinal  fluid.  After  the  introduc- 
tion of  vioform  gauze  the  dura  and  superficial  flap 
were  replaced  without  suture.  The  next  day  the 
patient  retained  a  soft  boiled  egg  and  four  rectal 
injections  of  100  cm',  each.  The  color  of  the  face 
improved  and  was  no  longer  greenish  yellow,  as  it 
had  been  the  day  before.  Improvement  continued 
with  slight  fluctuations.  On  October  30th  the  flaps 
were  again  lifted  and  the  gauze  removed.  At  the 
site  of  the  cortical  excision  a  single  strip  of  gauze  was 
introduced  which  was  removed  on  November  2d. 
The  dressing  continued  to  be  saturated  with  cerebro- 
spinal  fluid  until  November  16th.  The  flap  was  not 
sutured,  but  nevertheless  healed  in  place  on  the  level 
with  the  contiguous  skull  without  any  residual  bulg- 
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ing.  On  November  29th  the  boy  was  discharged,  in 
perfect  physical  and  mental  health.  Six  months 
later  the  patient  reported  in  perfect  health. 

I'nfortunately,  I  am  unable  to  explain  the  severe 
symptoms  which  presented  as  the  outcome  of  the 
comparatively  moderate  local  findings.  In  none  of 
the  other  numerous  cases  subjected  to  operation  for 
epilepsy  did  I  observe  similar  manifestations. 

Oedema  and  Softening  of   Brain  Substance 

Even  in  thoroughly  aseptic  wounds  oedema  and 
softening  of  the  brain  may  occur,  in  the  region  of  the 
operative  field. 

These  changes  are,  as  regards  intensity,  primarily 
dependent  upon  the  extent  of  surgical  trauma.  If 
the  operation  be  restricted  to  simple  cortical  excision 
for  Jacksonian  epilepsy,  the  more  or  less  extensive 
paralysis  immediately  following  the  operation  disap- 
pears at  the  end  of  a  few  days.  The  characteristic 
disturbances  dependent  upon  removal  of  a  certain 
motor  center,  however,  remain.  (See  Chapter  on 
Epilepsy.)  If  traumatic  degeneration  develop  in 
the  contiguous  brain  tissue  additional  paralyses  ap- 
pear, which  are  dependent  upon  involvement  of  adja- 
cent foci.  The  process  is  not  necessarily  accompan- 
ied by  systemic  manifestations.  The  symptoms  of 
oedema  and  softening  appear  usually,  if  at  all  (which 
is  not  frequently  the  case),  about  a  week  following 
the  operation,  and  disappear  in  a  short  time. 

Following  removal  of  tumors  the  process  is  likely 
to  be  quite  extensive,  the  outcome  of  severe  trauma 
to  the  brain  substance.  The  cause  of  these  encepha- 
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litic,  oedematous  softening  processes  as  they  may  be 
designated,  may  be  explained  as  follows.  The 
growth  of  the  tumor  has  exercised  a  harmful  pressure 
upon  the  invaded  brain  tissue,  the  extirpation  has 
necessitated  division  of  blood  vessels  which  also  has 
robbed  the  surrounding  parts  of  nutrition.  Division 
of  nerve  fibers  always  provokes  oedematous  saturation 
and  swelling  in  the  region  of  the  trauma,  as  has  been 
observed  in  the  peripheral  nervous  system.  All  these 
factors  aided,  perhaps,  by  small  hemorrhages  cause  a 
condition  of  softening,  which,  in  the  majority  of 
cases  of  aseptic  operations,  is  limited  to  the  imme- 
diate neighborhood  of  the  operative  field  and  does 
no  great  harm.  On  the  other  hand  the  process  may 
extend  and  lead  to  a  fatal  outcome,  as  shown  in  the 
following  instance. 

The  patient,  a  laborer,  aged  forty-four,  (Observa- 
tion III,  5)  was  subjected  to  operation  March  15th, 
1904.  I  removed  a  cortical  glioma  from  the  lower 
portion  of  the  anterior  central  convolution  after  deli- 
gating  the  approaching  veins,  excising  an  area 
35x39  mm.  in  diameter  and  20  mm.  in  depth.  (Plate 
XXI.)  The  wound  in  the  brain  was  covered  with 
vioform  gauze,  over  which  the  dural  flap  was  laid. 
The  osteoplastic  flap  was  replaced  and  held  with 
sutures  except  for  a  small  area. 

The  dressing  was  changed  on  March  21st.  The 
wound  was  healthy  and  the  gauze  strips  were  re- 
moved. The  general  condition  of  the  patient  was 
satisfactory.  On  March  29th  the  scar  was  normal, 
but  a  pulsating  prolapse  the  size  of  a  walnut  pro- 
truded from  the  anterior  inferior  angle  of  the  incision. 
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The  patient  stated  that  on  this  clay  the  movements  of 
the  right  leg  were  less  certain  and  weaker  than  imme- 
diately after  the  operation.  On  April  12th  the  pro- 
lapse appeared  considerably  flatter.  The  general 
condition  remained  good.  Appetite  and  intestinal 
functions  were  normal;  however,  the  patient  com- 
plained of  intermittent  headache.  From  the  29th  of 
March  the  right  lower  extremity  showed  paretic 
symptoms.  On  April  4th  clonic  spasm  of  the  quad- 
riceps appeared.  The  aphasic  disturbances  which 
had  followed  immediately  after  the  operation  became 
more  marked,  though  the  psychic  functions  remained 
normal.  The  conditions  in  the  trephine  wound  con- 
tinued to  improve.  On  April  20th  the  still  decreas- 
ing prolapse  showed  signs  of  dermatisation  and  by 
April  26th  the  hernia  had  receded  to  the  level  of  the 
surrounding  skin. 

However,  the  general  condition  of  the  patient  be- 
came worse,  vomiting  occurred  once.  In  the  next 
few  days  the  vomiting  increased  and  the  paralysis 
increased,  though  no  spasm  occurred.  Beyond  the 
headache  no  symptoms  of  brain  pressure  developed. 
Choked  disk  did  not  appear.  After  the  29th  of 
April  the  patient  did  not  speak  except  to  answer  ques- 
tions; urine  and  faeces  were  passed  involuntarily. 
The  next  day  the  general  condition  was  slightly  bet- 
ter. From  May  1st  matters  took  on  a  worse  form, 
the  left  side  of  the  body  became  paralyzed  and  deglu- 
tition became  difficult.  Up  to  this  time  the  pulse 
remained  below  76  and  the  temperature  normal. 
May  2d  the  pulse  was  98  in  the  morning  and  110  in 
the  evening,  respiration  28  to  30.  Death  supervened 
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on  the  morning  of  May  3d  after  paralytic  and  bron- 
chopneumonic  symptoms  appeared.  Vomiting  and 
convulsions  did  not  recur. 

Autopsy  showed  the  surface  of  the  brain  richly 
covered  with  thick  veins  which  quite  effectually  ob- 
scured the  fissures.  The  sagittal  end  of  the  left 
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fissure  of  Rolando  corresponded  to  a  point  4  cm.  in 
front  of  the  posterior  pole  of  the  left  cerebral  hemis- 
phere, which  latter  measured,  from  its  anterior  to  its 
posterior  aspects,  19  cm.  The  fissure  of  Rolando 
met  at  the  point  designated  the  longitudinal  fissure. 
Two  and  a  half  centimeters,  inferior  to  this  point  the 
anterior  central  convolution  presented  a  defect  which 
corresponded  to  the  site  of  operation.  (Fig.  36.) 
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The  contiguous  convolutions  were  slightly  tinged  with 
yellow.  The  irregular  anterior  border  of  the  defect 
encroached  upon  the  frontal  convolutions.  Frontal 
section  disclosed  beyond  the  defect  mentioned  the 
fact  that  the  greater  part  of  the  left  cerebral  hem- 
isphere was  infiltrated  with  dark  red  and  black 


Fig.  37 
Frontal  Section  at  Middle  of  Third  Ventricle 

hemorrhages  (the  dark  areas  in  Fig.  37  and 
Fig.  b,  of  Plate  XXI),  which  extended  toward  the 
median  line  to  near  the  longitudinal  fissure  and 
downward  to  the  level  of  the  fissure  of  Sylvius,  in- 
volving, however,  only  the  white  substance.  The 
gray  matter  was  not  invaded,  the  crus  was  not  in- 
volved, and  the  process  had  extended  between  the 
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cerebral  peduncles  and  the  optic  thalma,  leaving  the 
basal  ganglia  unaffected. 

It  was  evident  that  the  bleeding  had  begun  beneath 
the  fissure  of  Rolando  and  extended  throughout  the  en- 
tire left  hemisphere,  involving  an  area  of  llcm.  Judg- 
ing from  the  anatomical  and  microscopical  findings 
death  had  been  caused  by  hemorrhage  and  softening. 

In  some  instances  a  fortunate 

Discharge  of  Degenerated   Brain  Substance 

occurs  and  the  threatening  symptoms  disappear. 
This  is  illustrated  by  the  following  case  (Observation 
IV,  1).  A  woman,  aged  thirty-seven,  had  been  sub- 
jected to  removal  of  a  fibrosarcoma,  the  size  of  a 
mandarin,  from  the  left  island  of  Reil  (page  78).  At 
the  end  of  twelve  days  following  the  enucleation,  a 
quite  complete  paralysis  of  the  opposite  arm  occurred, 
which  was  followed  by  paresis  of  the  lower  portion  of 
the  face  and  muscular  weakness  of  the  leg  a  few  days 
later.  The  aphasia  which  had  improved  after  the 
operation  became  again  manifest,  speech  disappear- 
ing entirely.  The  involvement  of  motor  centers  con- 
tiguous to  the  site  of  removal  of  the  tumor  justified 
the  belief  that  the  cause  of  the  paralysis  was  either 
an  cedema  or  softening  of  the  respective  foci  in  the 
central  region.  In  addition,  the  patient  showed  some 
evidence  of  irritation,  headache,  pain  in  the  wound, 
and  increased  pulse  rate  (100).  Though  the  temper- 
ature did  not  rise  sharply  the  remissions  were  more 
marked  than  had  previously  obtained.  The  con- 
sciousness was  dull,  though  this  cleared  up  in  a  few 
days.  The  paralysis,  however,  remained  for  several 
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weeks  and  gradually  cleared  up  entirely  while  speech 
returned  but  slowly.  During  this  time  the  drainage 
opening  discharged  at  first  large  quantities  of  serous 
secretion  together  with  disintegrated  particles  of  brain 
substance,  which  gradually  lessened  in  amount. 
Further  details  of  the  case  are  related  in  the  clinical 
history. 

This  observation  would  seem  to  teach  that  a  policy 
of  non-interference  together  with  close  espionage  of 
ihe  manifestations  is  justifiable.  Every  attack  upon 
the  brain,  indeed,  the  comparatively  simple  reopening 
of  the  osteoplastic  wound  involves  additional  trauma 
to  and  pressure  upon  the  brain  substance,  which  may 
cause  softening.  On  the  other  hand  the  discharge  of 
disintegrated  brain  substance  was  manifestly  of  bene- 
fit in  this  case.  Much  experience  and  some  good 
fortune  are  requisite  to  enable  the  observer  to  deter- 
mine what  is  best  in  a  given  case. 

This  sort  of 

Superficial   Necrosis  of  Brain  Substance  Contiguous  to 

Tumors 

has  been  but  rarely  encountered  by  the  writer.  They 
are  not  of  importance,  and  will  be  discharged  sponta- 
neously provided  the  avenue  of  egress  be  of  sufficient 
dimensions.  A  secondary  operation  may,  however, 
be  requisite  if  the  necrosis  occur  beneath  a  healed 
trephine  opening,  and  the  process  has  not  created 
a  mode  of  egress  at  some  distant  part.  In  the  case 
just  mentioned  the  trephine  wound  had  healed  except 
for  a  small  opening  at  the  lower  anterior  angle  of  the 
wound,  where  the  end  of  the  gauze  tampon  had 
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emerged.  At  this  place  a  fistula  remained,  which 
did  not  heal  despite  the  cessation  of  the  discharge  of 
brain  substance  and  a  small  thin  drainage  tube  was 
inserted.  Removal  of  the  drainage  tube  was  fol- 
lowed in  a  few  hours  by  clonic  contraction  of  the  mus- 
cles of  the  opposite  side  of  the  face  and  hand  and 
forearm.  At  the  same  time  the  patient  who,  up  to 
this  time,  had  been  entirely  free  from  symptoms, 
became  restless  and  complained  of  headache,  which 
originated  from  the  site  of  the  trephine  opening. 
When  the  drain  was  re-inserted  a  few  drops  of  thin 
fluid  pus  were  discharged,  and  the  symptoms 
promptly  disappeared.  As  the  conditions  did  not 
improve,  and  each  attempt  at  discontinuance  of  the 
drainage  was  followed  by  recurrence  of  the  symp- 
toms stated,  it  was  concluded  that  a  necrosis  existed 
in  the  direction  of  the  drainage  which  was  located 
obliquely  backward  and  upward  under  the  bone  flap. 
The  drain  entered  the  area  to  1J  cm.  from  its  point 
of  exit  at  the  anterior  border  of  the  wound. 

Eleven  weeks  and  a  half  after  extirpating  the  tu- 
mor I  exposed  the  bone  in  the  direction  of  the  drain 
with  an  oblique  incision,  and  made  an  opening  in  the 
corresponding  portion  of  the  bone  flap  with  the  burr, 
the  size  of  a  silver  quarter  of  a  dollar.  The  bone  was 
normal  in  appearance.  The  opening  exposed  at 
once  the  grayish  red  brain,  which  was  covered  with 
blood  vessels  of  the  arachnoid  and  pia.  (The  dura 
had  been  removed  at  the  time  of  the  operation  of 
extirpation.)  Immediately  below  and  beside  this 
normal  brain  area  a  surface  the  size  of  a  finger  nail 
and  of  bluish  yellow  color  presented,  which  was  evi- 
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deiitly  a  thin  layer  of  necrotic  brain  tissue.  The 
sound  introduced  through  the  drainage  opening 
reached  this  spot.  The  necrotic  area  was  excised, 
using  the  sound  as  a  guide,  and  the  latter  pushed 
through,  making  a  counter  opening  for  drainage  at  the 
posterior  aspect  of  the  original  trephine  wound. 
There  was  no  exudate  present.  Introduction  of  a 
drain  behind  and  tamponade  with  vioform  gauze  of 
the  wound  ended  the  operation,  which  healed  by 
granulation  in  a  few  weeks. 

It  is  evident  that  the  spontaneous  discharge  of 
brain  substance  had  not  resulted  in  removal  of  all  of 
the  necrotic  area.  The  trephine  wound  had  healed 
posteriorly  and  the  resisting  osteoplastic  flap  pre- 
vented complete  separation  and  discharge  of  the 
dead  tissue.  The  fistula,  which  was  5  cm.  long,  was 
too  narrow  for  the  purpose,  and  only  after  a  free 
avenue  of  approach  had  been  made  behind  did  the 
latter  heal.  If  the  technique  employed  would  not 
have  accomplished  the  desired  end,  it  would  have 
been  necessary  to  split  the  bony  roof  of  the  fistulous 
tract  with  the  Gigli  saw  or  excise  a  narrow  strip 
with  the  Dahlgren  forceps. 

Discharge  of  Cerebro-spinal   Fluid 

Cerebro-spinal  fluid  constantly  trickles  from  the 
surface  of  brain  prolapse  in  considerable  quantity 
and  especially  so  from  the  site  of  the  wound  in  the 
brain  itself,  saturating  quite  rapidly  the  dressings. 
The  illustration  on  Plate  XXIII  shows  the  fluid  pour- 
ing over  the  field  of  operation.  In  one  case  of  ex- 
ploratory incision  into  the  motor  zone,  which  dis- 
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closed  a  tumor  of  inoperable  dimensions,  the  subse- 
quent discharge  of  cerebro-spinal  fluid  was  so  large 
in  quantity  as  to  arouse  the  suspicion  that  the  lateral 
ventricle  had  been  invaded.  The  autopsy  performed 
several  months  later  proved  the  contrary. 

At  times  the  amount  of  cerebro-spinal  fluid  dis- 
charged bears  a  relationship  to  the  size  of  the  hernia. 
I  have  observed  variations  in  this  connection  in  two 
instances  of  trephining  for  removal  of  neoplasms 
which  proved  inoperable.  If  the  discharge  of  fluid 
was  free  the  hernia  became  perceptibly  smaller  and 
less  tense.  This  always  occurred  when  large  quan- 
tities of  clear  fluid  had  been  thrown  off  for  several 
consecutive  days.  As  the  lateral  ventricle  had  not 
been  opened  in  either  instance  it  seems  fair  to  assume 
that  at  these  times  the  oedema  had  been  relieved  by 
the  discharge  of  fluid. 

The  outflow  of  cerebro-spinal  fluid  may  not  occur 
even  if  large  openings  be  made  in  the  dura,  if  there 
be  no  increase  of  intracranial  pressure  at  the  time  of 
the  operation.  In  any  event  the  loss  of  cerebro-spinal 
fluid  ceases  very  soon  if  the  wound  is  sutured.  For 
this  reason  immediate  repair  of  the  wound  is  desirable. 
Under  these  conditions  the  dressing  remains  dry  and 
need  not  be  changed  until  healing  takes  place. 

The  loss  of  considerable  quantities  of  cerebro- 
spinal  fluid  influences  to  some  extent  the  condition 
of  the  patient.  Patients  complain  of  headache,  es- 
pecially marked  at  the  posterior  aspect  of  the  cra- 
nium, feel  weak,  are  apt  to  hold  the  neck  rigid,  though 
no  other  symptoms  of  meningeal  irritation  appear. 
Considerable  rise  of  temperature  frequently  accom- 
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panics  the  symptoms  just  related.  When  the  dis- 
charge of  fluid  lessens  in  quantity  the  symptoms 
promptly  disappear.  I  have  also  observed  these 
manifestations  (minus  rise  of  temperature),  in  some 
cases  after  extirpation  of  the  ganglion  of  Gasser, 
when  the  dura  has  been  torn  while  separating  the 
upper  surface  of  the  ganglion  because  of  firm  ad- 
herence to  the  former.  In  these  instances  the  brain 
itself  is  not  invaded,  and  this  proves  the  contention 
with  regard  to  the  influence  of  loss  of  cerebro-spinal 
fluid  better  than  operations  on  the  brain. 

On  the  other  hand,  the  well  being  .of  the  patient 
depends  upon  maintaining  the  outflow  of  cerebro- 
spinal  fluid  as  shown  in  cases  operated  upon  for 
hydrocephalus.  In  these  cases  arrest  of  the  outflow 
gives  rise  to  headache  and  other  disturbances.  In 
this  connection  I  may  state  that  considerable  rise  of 
temperature  occurs  when  the  dressing  becomes  dry. 

If  for  any  reason  infection  occurs,  the  trephine 
wound  must  be  at  once  freely  opened.  The  entire 
diseased  brain  area  must  be  exposed  in  order  to  de- 
termine the  necessity  for  incising  the  brain,  enlarging 
the  opening  in  the  bone  or  of  splitting  the  dura.  All 
dead  spaces  should  be  lightly  packed  with  sterile 
iodoform  gauze  and  drainage  strips  introduced.  The 
wound  should  be  kept  open  until  healthy  granula- 
tions appear. 

Brain   Prolapse 

In  a  previous  chapter,  the  writer  has  already 
stated  that  primary  suture  of  the  wound  should  be 
made  whenever  possible.  A  great  disadvantage  of 
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leaving  the  wound  open  is  the  consequent  occurrence 
of  hernia  cerebri.  Even  though  intracranial  pressure 
is  relieved  and  thorough  asepsis  has  been  observed, 
and  the  pia  be  uninjured,  brain  prolapse  may  occur  in 
a  few  days  to  a  sufficient  degree  as  to  preclude  closing 
of  the  wound  with  sutures,  although,  indeed,  this  is  not 
frequently  the  case  under  the  conditions  mentioned. 
In  one  case  (an  epileptic  youth  of  eighteen),  an  un- 
usually severe  hemorrhage  in  the  region  of  the  longi- 
tudinal sinus  necessitated  leaving  several  forceps  in 
situ.  The  exposed  brain  surface  which  had  not  been 
injured  was  tamponed.  Three  days  later  the  tam- 
pon and  forceps  were  removed  under  light  narcosis. 
The  bleeding  had  ceased,  but  the  brain  bulged  so 
tensely  from  the  opening  in  the  dura  that  the  osteo- 
plastic  flap  could  only  be  sutured  at  its  sides,  and, 
indeed,  this  was  accomplished  with  considerable  ten- 
sion. Above  at  the  sagittal  aspect  of  the  wound  a 
strip  2  cm.  in  breadth  was  left  open,  and  this  was 
filled  up  with  tensely  protruding  brain  substance.  At 
the  next  dressing  (six  days  later)  the  prolapse  had 
receded  and  the  brain  lay  at  its  normal  level.  Twelve 
days  later  the  wound  was  healed  and  the  trephine 
area  did  not  extend  beyond  the  normal  outline  of 
the  skull. 

If  it  is  feasible  to  close  with  suture  the  major  por- 
tion of  the  wound,  and  tampon  beneath  the  flap,  the 
undesirable  occurrence  of  hernia  is  most  generally 
obviated.  If  the  opening  be  small,  hernia  occurs 
(when  the  three  factors  mentioned  above  obtain)  only 
when  the  injury  to  the  pia  mater  is  located  imme- 
diately beneath  the  bone  wound. 
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If  it  is  found  necessary  to  maintain  tamponade  for 
a  prolonged  period  of  time  (if  the  pia  be  injured),  the 
prolapse  may  reach  enormous  dimensions  as  shown 
in  Fig.  c,  on  Plate  XXIII.     This  patient  (twenty- 
eight  years  of  age)  was  sent  to  me  by  //.  Oppenheim 
with  a  diagnosis  of  neoplasm  situated  in  the  middle 
portion  of  the  central  convolution  and  the  contiguous 
parietal  lobe.     (Observation  V,  1.)     I  made  the  tre- 
phine   operation,    fashioning    a    flap    78x90  mm.    on 
March    24th,    1906,    and   followed   with   the   second 
stage  on  April  2d.     After  making  the  dural  flap  with 
its  base  toward  the  sagittal  line  to  avoid  invasion  of 
the  longitudinal  sinus,  I  found  in  the  situation  men- 
tioned two  subcortical  abscesses  which   were  sepa- 
rated by  a  diaphragm.     (Plate  XXII,  Fig.  a.)     The' 
abscesses  were  sacculated,  and  when  opened  the  lower 
one  was  found  to  be  the  size  of  a  digital  phalanx  and 
the  upper  one  that  of  a  plum. 

The  dividing  wall  was  incised  and  the  two  cavities 
converted  into  one.  (Plate  XXII,  Fig.  b.)  The 
abscess  cavity  was  ined  with  a  thick,  hard  mem- 
brane. Extirpation  -f  the  membrane  (the  pus  was 
full  of  tubercle  baccilli)  was  abandoned  because  of 
collapse  of  the  patient  at  this  time  and  the  wound 
cavity  was  tamponed.  On  April  llth  a  spherical 
prolapse  protruded  through  the  opening  in  the  bone. 
The  entire  tuberculous  focus  (62  mm.  high,  46  mm. 
wide  and  28  mm.  thick)  was  removed  with  the  closed 
scissors,  a  portion  of  the  contiguous  normal  tissue 
being  included  in  the  enucleation.  Narcosis  was  not 
employed.  (Plate  XXIII,  Figs,  a  and  b.)  lodoform 
gauze  tamponade  of  the  wound  was  made.  On  April 
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14th,  the  dural  flap  which  had  shrunk  considerably 
was  placed  over  the  area. 

The  illustration  (Plate  XXIII,  Fig.  c)  was  pre- 
pared by  the  artist  during  a  change  of  protective 
dressing,  while  the  head  was  resting  on  its  occiput. 
The  prolapse  was  very  soft  in  consistence,  about  one 


Fig.  38 

and  a  half  the  size  of  an  adult  fist,  and  sagged  down  over 
the  posterior  edge  of  the  wound.  At  its  dependent 
portion  a  fold  was  formed  which  looked  not  unlike  a 
double  chin.  Where  the  brain  substance  had  been  ex- 
cised (which  part  was  slightly  less  protuberant  than 
the  rest  of  the  prolapse)  cerebro-spinal  fluid  constantly 
trickled  drop  by  drop.  The  lateral  ventricle  had  not 
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been  opened  during  the  operation.  On  May  3d,  the 
general  condition  of  the  patient  and  the  loeal  mani- 
fest utions  permitted  of  plastic  closure  of  the  wound, 
chloroform  narcosis  being  employed  for  the  purpose. 
The  skin  .surrounding  the  wound  was  reflected  to  a 
sufficient  extent  to  permit  of  approximation  of  the 
edges  of  the  wound  by  suture,  though  this  was  ac- 
complished under  considerable  tension.  Small  open 
spaces  remained,  however,  which,  at  the  sagittal 
aspect  of  the  wound  were  about  the  breadth  of  the 
finger.  In  this  situation  the  dural  flap  formed  a  sat- 
isfactory covering  (page  34).  By  June  7th,  the 
wound  was  entirely  healed.  The  trephine  area 
bulged  but  very  slightly  beyond  the  normal  outline 
of  the  skull.  (Fig.  38.) 

Treatment  of  Prolapse  of  the   Brain 

As  appears  from  the  report  just  offered  it  is  appar- 
ent that  I  attempt  to  cover  the  prolapse  with  the 
surrounding  skin  in  order  to  obtain  healing,  even 
though  this  be  accomplished  with  considerable  ten- 
sion. As  this  procedure  was  effective  in  the  difficult 
case  just  related  it  follows  that  the  method  is  more 
readily  successful  in  the  event  of  smaller,  less  pro- 
nounced protrusion.  Relief  from  the  small  extru- 
sions is  obtained  as  the  result  of  light  but  persistent 
pressure  by  the  application  of  several  layers  of  gauze 
held  in  situ  with  strips  of  adhesive  plaster.  In  in- 
stances where  the  wound  has  been  aseptic  and  no  dis- 
charge of  cerebro-spinal  fluid  occurs,  I  have  seen  pro- 
trusions the  size  of  a  hen's  egg  become  dermatised 
without  plastic  aid,  though  occasional  applications 
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of  copper  sulphate  crystals  were  made.  At  times  a 
certain  degree  of  protrusion  of  the  healed  area  has 
been  maintained  for  some  time,  though  indeed,  these 
ultimately  disappeared  as  the  result  of  cicatricial 
contraction. 

How  long  conservatism  and  consequent  delay  in 
the  application  of  radical  measures  may  be  justified 
is  illustrated  in  Observation  XIV,  3.  The  patient,  a 
woman  (aged  thirty-six),  was  subjected  on  July  26th, 
1899,  to  trephining  by  the  v.  Bergmann  bone  section 
method,  the  bone  being  resected.  A  large  foul- 
smelling  abscess  located  in  the  temporo-sphenoidal 
lobe  was  opened.  The  abscess  cavity  (4  cm.  in 
diameter)  was  freely  incised  throughout  its  entire 
extent,  the  opening  being  made  from  before  back- 
ward. The  space  was  packed  with  iodoform  gauze 
at  intervals  until  August  4th.  During  this  time  a 
hernia  formed  which,  by  August  12th,  reached  the 
size  of  a  large  apple,  and  by  August  20th  had  be- 
come still  larger  and  markedly  tense,  displacing  the 
external  ear  downward,  causing  its  border  to  come 
in  contact  with  the  lobule.  In  accord  with  the  dis- 
charge of  a  large  quantity  of  cerebro-spinal  fluid  the 
prolapse  slowly  diminished  in  size  without  anything 
being  done  beyond  the  application  of  moderate  pres- 
sure with  dressings.  On  September  14th  the  pro- 
lapse had  entirely  disappeared,  the  granulating  brain 
substance  lying  on  the  level  with  the  opening  in  the 
skull.  The  patient  was  discharged  from  the  Poly- 
clinic  two  days  later.  Several  weeks  later  the  wound 
had  entirely  healed  and  the  pulsating  scar  was  no 
higher  than  the  level  of  the  surrounding  skull. 
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Amputation  of  the  prolapsed  brain  is  deprecated 
by  the  writer.  Of  course,  it  is  true,  that  the  greater 
portion  of  the  protrusion  consists  of  oedematous,  sat- 
urated tissue,  the  product  of  inflammatory  infiltra- 
tion, and  that  brain  substance  does  not  form  a  large 
proportion  of  the  extrusion,  also  that  removal  by  sec- 
tion of  small  hernise  does  not  do  much  harm.  How- 
ever, the  protrusion  recurs  very  soon  after  its  ampu- 
tation, if  plastic  repair  of  the  normal  restraining 
tissues  be  not  made  at  once.  For  special  reasons 
amputation  of  the  prolapse  is  justified,  as  is  illus- 
trated in  the  case  mentioned  above  (page  146). 

The  conditions  are  quite  different  and  more  diffi- 
cult to  surmount  when  the  prolapse  occurs  together 
with   increased   intracranial   pressure,   the   result   of 
tumor,   hydrocephalus,   hemorrhage,    abscess   or  in- 
flammatory products;    indeed,  from  any  cause.     In 
these  instances  the  brain  crowds  into  the  opening  in 
the  skull   (especially  if  the  causative  factor,  which 
has  increased  the  intracranial  pressure,  is  not  dis- 
covered at  the  operation  or  is   not   removed)   with 
such  force  as  to  convey  the  idea  that  its  replacement 
into  the  cranial  cavity  is  impossible.     Yet  this  may 
be  accomplished  by  elevating  the  upper  portion  of 
the  body,  replacement  of  the  osteoplastic  flap  and 
suture  of  the  latter,  even  though  this  be  done  under 
considerable    tension.    "Thus,    gradually,    closure   of 
the  wound  will  be  achieved  throughout  its  greater 
extent,  and  the  portion  not  susceptible  of  approxima- 
tion will  be  exceedingly  small.     If  it  be  necessary  to 
keep  the  trephine  wound  open  with  tamponade,  while 
increased    intracranial    pressure    persists,    enormous 
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prolapse  is  likely  to  occur.  The  prolapse  disappears, 
however,  when  the  cause  of  the  increased  intracranial 
pressure  is  removed.  In  abscess  of  the  brain,  for 
instance,  as  has  been  shown  in  the  illustrative  case 
cited  above,  the  hernia  disappears  when  the  inflam- 
matory product  recedes  and  the  entire  process  may 
end  in  complete  healing. 


Decompression  Trephining 

In  a  wide  sense  prolapse  of  the  brain  includes 
those  protrusions  of  the  trephine  area  which  occur 
as  the  result  of  recurring  tumors,  or  when  removal 
of  the  neoplasm  has  been  impracticable.  Depend- 
ing upon  the  technique  of  the  procedure,  they  are 
covered  by  skin  and  bone  or  skin  alone,  or  in  the 
region  of  the  cerebellum  also  by  muscle,  and  in  addi- 
tion are  also  covered  to  a  greater  or  lesser  extent  by 
scar  tissue.  It  would  be  more  consistent  to  differ- 
entiate these  conditions  by  designating  the  form  of 
protrusion  just  described  as  hernia  in  contradistinc- 
tion to  those  extrusions  which  protrude  from  the  cra- 
nial cavity  without  the  coverings  mentioned. 

An  example  in  this  connection  is  shown  on  Plate 
XXIV.  This  case  was  one  of  a  woman  of  forty-four, 
which  has  already  been  quoted  (page  135),  from 
whom  I  removed  a  tumor  located  at  the  cerebello- 
pontian  angle  on  June  22d,  1905.  The  picture  was 
taken  in  April,  1906. 

In  a  general  way  the  diagnosis  of  cerebral  tumor 
is  not  attended  with  especial  difficulty.  Its  localiza- 
tion is,  however,  an  exceedingly  difficult  problem.  In 
operating  for  cerebral  tumor  the  surgeon  must  at  all 
times  retain  the  reservation  that  even  after  extensive 
osteoplastic  resection  of  the  skull,  the  tumor  may  not 
be  found  cr  again  may  not  be  susceptible  of  enuclea- 
tion.  The  latter  contingency  is  more  likely  to  be  pres- 
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ent  in  cases  where  the  tumor  is  located  beneath  the 
cortex  than  if  it  be  a  cortical  process.  Under  these 
circumstances  no  other  course  remains  than  clo- 
sure of  the  wound  with  sutures.  Under  the  latter 
circumstances  it  is  not  rare  to  find  a  palpable  im- 
provement of  the  symptoms  following  the  operation. 
The  gradual  elevation  of  the  trephine  area  compen- 
sates for  the  lack  of  distensibility  of  the  normal  cra- 
nial vault.  As  a  consequence  the  intracranial  pres- 
sure is  lessened  or  disappears,  and  hand  in  hand 
with  this  the  disturbing  symptoms  are  relieved. 
These  favorable  manifestations  have  led  to  the  estab- 
lishment of  artificial  cerebral  hernia  or  so-called  de- 
« impression  trephining  in  cases  of  non-localized  cere- 
bral tumors. 

The  technique  of  decompression  trephining 
does  not  differ  essentially  from  that  described  above. 
1 1  orxley*  removes  large  sections  of  bone  for  the  pur- 
pose, and  expresses  himself  as  opposed  to  the  osteo- 
plastic  resection  as  is  employed  and  strongly  recom- 
mended by  the  writer.  In  order  to  obtain  an  effective 
vent  it  is,  of  course,  necessary  to  fashion  a  large  osteo- 
plastic  flap  to  allow  for  widening  of  the  edges  of  the 
breach  with  the  biting  forceps.  The  latter  is  accom- 
plished after  the  periosteum  is  removed.  The  width 
of  excised  bone  should  be  no  less  than  1-2  cm.  and 
should  extend  around  all  four  sides  of  the  opening. 

The  dura  mater  must  be  opened  widely.  It  is 
true  that  I  have  seen  several  cases  of  tumor  extirpa- 
tion which  have  shown  a  certain  improvement  as  re- 

1  On  the  Technique  of  O|>erations  on  the  Central  Nervous  System.  British 
Medical  Journal,  Aug.  25,  1906. 
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g;\  nls  compression  symptoms  after  the  first  stage  of  the 
operation,  when  the  dura  had  not  yet  been  invaded. 
In  one  case  the  patient  had  been  somnolent  and 
suffered  from  violent  cephalalgia.  Raising  of  the 
osteoplastic  flap  was  followed  by  normal  mental  op- 
eration, the  patient  took  part  in  conversation  and  par- 
took of  food  with  evident  relish.  The  reason  for  this 
lies  in  that  the  lessened  intracranial  tension  finds  less 
resistance  in  even  the  slightly  more  elastic  dura  than 
obtained  before  the  bone  was  sectioned.  For  the 
purpose  of  decompression  trephining  these  excep- 
tional occurrences  do  not  enter  into  consideration. 

In  this  operation  the  forcible  protrusion  of  the 
brain,  which  occurs  immediately  upon  incision  of  the 
dura,  is  exceedingly  disturbing;  indeed,  in  some 
instances,  the  extrusion  is  sufficiently  great  in  extent 
to  tear  the  soft  investing  membrane  and  the  subja- 
cent cortex  as  they  come  in  contact  with  the  sharp 
edges  of  dura  and  bone.  This  causes  serious  dis- 
turbance of  function,  and  at  times  provokes  hemor- 
rhage with  consequent  oedema  and  extensive  prolapse. 
To  obviate  this  as  much  as  possible  I  employ  meas- 
ures similar  to  those  applied  to  abscess  drainage, 
(page  103.)  I  make  the  dural  flap  considerably 
smaller  than  the  bone  opening  and  obliquely  incise 
the  rim  of  dura  protruding  from  the  skull  with  blunt 
scissors  at  each  corner  of  the  wound  as  far  as  the 
angles  of  the  bone  wound,  forming  thus  four  smaller 
dural  flaps  which  are  reflected  outward  over  the 
rough  edges  of  the  bone,  effectually  covering  them. 
A  similar  method  is  employed  by  Beresowsky. 

The  technique  described  also  permits  of  coaptation 
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by  suture  of  the  osteoplastic  flap,  which  is  accom- 
plished without  drainage,  in  such  a  manner  as  to 
bring  the  superficial  wound  at  some  distance  from  the 
edges  of  the  opening  in  the  bone.  If  the  skin  flap  is 
made  several  millimeters  larger  than  the  bone  flap, 
the  line  of  union  in  the  former  corresponds  to  the 
middle  of  the  breach  in  the  skull.  The  basal  dural 
flap  is  made  to  cover  the  brain  and  soft  membranes 
and  prevents  contact  of  these  tissues  with  the  lamina 
vitra. 

To  obviate  tearing  asunder  of  the  line  of  union,  as 
is  quite  liable  to  occur  in  cases  of  large  brain  herniae, 
Harvey  Cushing  proposes  a  temporal  submus- 
CUlar  method,'  which  he  describes  as  follows:  A 
curved  incision  is  made  parallel  to  and  1  cm.  below 
the  origin  of  the  temporal  muscle.  In  front  it  reaches 
to  the  beginning  of  the  hair  area,  and  behind  ends 
somewhat  lower  down  on  a  level  with  and  behind  the 
pinna  of  the  ear.  The  skin  and  superficial  fascia  is 
reflected  downward  exposing  the  temporal  fascia. 
The  fascia,  together  with  the  muscle,  are  incised  in 
the  direction  of  the  fibers  of  the  latter  at  its  middle, 
i.  e.,  downward  and  forward,  exposing  the  perios- 
teum. The  edges  of  the  deep  wound  are  forcibly 
retracted  and  the  periosteum  scraped  away  to  the 
extent  of  the  exposed  area.  A  portion  of  the  squa- 
mous  plate  of  the  temporal  bone  is  now  removed, 
comprising  an  area  5  to  6  cm.  in  its  vertical  and  8  to 
10  cm.  in  its  horizontal  diameter,  employing  a  biting 
forceps  for  the  purpose.  The  dura  is  carefully  sepa- 

'The  Establishment  of  Cerebral  Hernia,  etc.  "Surgery,  Gynaecology  and 
Obstetrics."  Vol.  1,  October,  1905,  No.  4. 
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during  this  step  of  the  procedure  to  avoid  injury 
to  the  branches  of  the  middle  meningeal  artery. 
After  making  the  breach  in  the  bone  Cnxltiiiy  excises 
the  dura  to  the  extent  correspond!  ng  to  the  opening 
in  the  bone,  not,  however,  until  after  the  posterior 
branch  of  the  middle  meningeal  artery  is  deiigated. 
The  muscle  fibers  and  fascia  are  approximated  with 
buried  sutures,  and  the  superficial  fascia  and  skin 
closed  separately  and  without  drainage. 

I  have  several  times  employed  the  Gushing  method 
and  wish  to  state  that  it  is  not  always  feasible  to  sew- 
up  the  incision  in  the  temporal  muscle.  In  one  case, 
that  of  a  woman  of  thirty-four,  who  was  afflicted 
with  a  cerebral  neoplasm  which,  judging  from  the 
symptoms,  seemed  to  be  located  in  the  middle  cranial 
fossa,  the  brain  bulged  so  tensely  from  the  trephine 
opening  that  it  was  impossible  to  unite  the  separated 
muscle  fibers.  The  sutures  were  drawn  upon  very 
forcibly  and  threatened  to  incise  the  brain.  The 
same  conditions  obtained  in  the  effort  to  suture  the 
temporal  fascia,  and  I  was  forced  to  content  myself 
with  approximation  of  the  skin  wound,  an  accom- 
plishment which  did  not  of  course  comprehend  the 
Gushing  method. 

Again,  in  another  case  of  large  inoperable  tumor 
of  the  brain,  the  bulging  cerebrum  forced  asunder  the 
wound,  which  had  united  primarily  and  protruded 
in  several  places  in  the  form  of  mushroom  prolapses. 
The  autopsy  made  two  months  later  disclosed  the 
fact  that  the  tumor  was  located  quite  some  distance 
from  the  trephine  opening.  Prevention  of  these 
complications  —  for  which  we  are  always  prepared— 
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is  not  obtained  as  the  outcome  of  employment  of 
the  Gushing  method.  In  this  connection  I  have 
found  it  serviceable  to  locate  the  basal  attachment  of 
the  bone  flap  to  one  side  and  that  of  the  dural  flap 
in  the  opposite  direction.  If  the  osteoplastic  flap  is 
elevated  by  increase  of  intracranial  pressure  and  the 
edges  of  the  bone  become  separated,  the  broad  base 
of  the  dural  flap  on  the  opposite  side  has  a  tendency 
to  prevent  the  occurrence  of  prolapse. 

The  immediate  dangers  of  decompression  trephin- 
ing are  not  great,  and  the  operation  may  disclose  the 
location  of  the  tumor  and  decide  the  question  whether 
it  be  operable,  presenting  thus  a  blessed  palliative 
measure.  It  is  analogous  in  this  regard  to  gastro- 
stomy  in  cancer  of  the  oesophagus,  colostomy  in  inop- 
erable sigmoid  cancer  and  gastro-enterostomy  in  in- 
operable carcinoma  of  the  pylorus.  In  addition  the 
measure  also,  like  those  mentioned,  prolongs  life. 
Of  no  less  import  is  the  relief  afforded  in  cephalalgia, 
vomiting  and  disturbances  of  vision.  The  first  men- 
tioned symptom  is  perhaps  the  most  menacing,  for 
the  prolonged  vomiting  soon  leads  to  exhaustion, 
which  is  not  relieved  by  any  other  measure.  Choked 
disk  disappears,  indeed,  in  some  instances,  with  as- 
tonishing rapidity,  and  vision  improves,  provided 
that  the  optic  fibers  have  not  been  subjected  to  the 
strangulating  influence  of  oedema  for  too  long  a  time, 
and  thus  patients  escape  until  death  from  the  most 
distressing  of  afflictions — blindness.  This  is  of  the 
more  import  for  the  reason  that  choked  disk  occurs 
very  often  early  in  the  course  of  the  disease,  before 
the  other  more  characteristic  symptoms  appear. 
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Lastly,  convulsive  seizures  become  less  frequent, 
delirium  disappears  and  vertigo  becomes  less  obtru- 
sively disturbing. 

Horsley  advises  execution  of  the  operation  as  soon 
as  neuritis  optica  appears.  His  experience  leads  him 
to  conclude  that  the  measure  is  ineffective  in  this  con- 
nection only,  when  the  neoplasm  involves  the  optic 
tracts  themselves.  At  this  time  it  seems  proper  to 
state  that  in  most  instances  the  optic  neuritis  involves 
only  the  side  corresponding  to  the  seat  of  the  neo- 
plasm. 

Beyond  this  Horsley  has  called  attention  to  the 
fact  that  subacute  encephalitis  may  produce  the  symp- 
toms common  to  tumors  of  the  brain,  and  that  in  this 
class  of  cases  decompression  trephining  affords  relief. 

The  measure  is  of  less  value  in  the  majority  of 
cases  of  rapidly  growing  tumors  'located  at  or  near 
the  cortex  of  the  brain.  More  especially  glioma  and 
gliosarcoma,  which  are  diffuse  in  character  and  in- 
volve wide  areas  of  cortex  or  white  substance,  pre- 
sent unfavorable  conditions  in  this  connection.  Es- 
tablishment of  a  vent  affords  only  temporary  relief, 
and  soon  the  progressive  growth  forces  the  osteo- 
plastic  flap  upward,  and  even  though  union  of  the 
wound  may  have  taken  place  the  line  of  incision  is 
separated  or  the  scar  undergoes  degeneration.  The 
contents  of  the  skull  is  extruded  and  cannot  be  re- 
strained in  any  way.  Each  amputation  or  cauteriza- 
tion simply  invites  renewed  protrusion.  In  cases  of 
this  sort  the  free  use  of  morphia  affords  the  only 
available  modification  of  the  distressing  physical  and 
unfortunately  also,  the  mental  suffering. 
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The  Hamburg  neurologist,  Alfred  Saenger,  who  re- 
ports favorable  results  following  paliative  decompres- 
sion trephining'  advises  that  in  right-handed  persons 
the  opening  in  the  skull  be  made  over  the  right  cere- 
bral  hemisphere,  in  the  parietal  region,  behind  the 
posterior  central  convolution,  i.  e.,  corresponding  to 
an  unimportant  cortical  area. 

The  right  temporal  region  may  be  properly  men- 
tioned in  this  connection.  However  important  cor- 
tical areas  may  be  injured  in  the  dishing  method. 
Autopsy  shows  that  the  breach  in  the  bone  usually 
corresponds  to  convolutions  located  below  the  fissure 
of  Sylvius.  In  all  instances  the  lower  section  of  the 
central  region  is  involved,  that  is,  the  centers  for 
tongue,  lower  jaw  muscles,  and  inferior  branch  of  the 
facial  nerve.  For  this  reason,  viewing  the  subject 
from  the  Gushing  aspect,  two-sided  decompression 
trephining  (which  seems  to  him  to  be  rarely  indicated) 
should  not  involve  removal  of  the  dura  on  both  sides 
so  as  to  obviate  tearing  of  the  brain  substance,  as  the 
bulging  brain  protrudes  beyond  the  rough  edges  of 
the  opening  in  the  bone,  avoiding  thus  simultaneous 
trauma  to  both  cerebral  hemispheres. 

In  cases  of  suspected  cerebellar  tumor  which  have 
not  been  definitely  located  with  respect  to  the  side 
involved,  I  use  the  technique  describee'  above  (pages 
45  to  48),  which  may  also  be  employed  as  a  decom- 
pression measure.  As  this  region  is  covered  with 
thick  muscles  which  afford  ample  protection,  the  tre- 
phining may  be  performed  with  resection  of  the  bone. 

'  On  Paliative  Trephining  in  Inoperable  Brain  Tumors  to  Obviate  Threat- 
ening Blindness.     Klinische  MonatMaetter  jner  Augenheilkunde.     XLV,  1907,' 
Feb.     P.  145. 
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I  have,  however,  in  one  case  in  which  the  osteoplastie 
Hap  was  made,  achieved  an  exceedingly  satisfactory 
result  which  lasted  for  three  years.  The  accompany- 
ing illustration  <  Fig.  .'50  >  was  made  from  a  photograph 
taken  one  and  one-half  years  after  the  operation. 
This  observation  (VIII,  1)  leads  me  to  emphasize 
that  in  cases  in  which  hydrocephalus  simulates  tumor 


Fig.  39 

of  the  cerebellum  the  opening  of  the  posterior  cranial 
cavity  is  a  valuable  measure  of  relief.  Decompres- 
sion by  trephining  over  the  cerebellum,  irrespective 
of  the  seat  of  the  pathological  process,  is  not  regarded 
as  justifiable  by  the  writer.  I  am  not  convinced  that 
compression,  the.  outcome  of  tumors  of  the  cerebrum, 
even  if  located  in  the  posterior  half  of  the  hemispheres, 
is  relieved  by  trephining  over  the  cerebellum,  as  the 
tentorium  makes  effectual  resistance  between  the  pos- 
terior cranial  fossa  and  the  cerebrum. 
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The  following  example  is  offered  as  illustrative  of 
decompression  trephining.  The  patient,  a  man,  aged 
thirty-one,  gave  a  history  of  daily  vomiting,  attacks  of 
syncope,  vertigo,  violent  headache,  and  occasional 
convulsions  of  one  year's  standing,  to  which  partial 
paralysis  of  the  left  side  of  the  body  was  latterly 
added.  When  he  came  under  observation  double 
choked  disk  and  a  few  small  hemorrhages  in  the 
retina  were  discovered.  While  under  espionage  the 
convulsions  were  observed  to  begin  with  contractions 
of  the  left  arm  and  extend  to  the  rest  of  the  body. 
One  hour  after  the  general  convulsion  ceased  the 
left  arm  remained  feeble  and  the  left  side  of  the  face 
remained  paretic.  In  view  of  the  fact  that  the  pa- 
tient had  already  been  subjected  to  large  doses  of 
potassium  iodid,  and  we  further  treated  him  with 
mercurial  inunction  for  four  weeks  without  effect, 
the  right  motor  cortical  zone  'was  exposed  in  two 
stages. 

The  dura  was  found  to  be  very  tense  and  did  not 
pulsate.  As  the  dural  flap,  with  its  base  directed 
sagittally,  was  made,  the  brain  protruded  at  once 
through  the  opening  (which  measured  6  cm.  in 
breadth  and  7  cm.  in  its  vertical  diameters)  with  such 
force  as  to  burst  the  pia  and  cortex  in  several  places. 
At  the  same  time  about  a  teaspoonful  of  clear  fluid 
was  discharged.  As  the  exposed  brain  presented  no 
evidence  of  disease  the  forearm  and  head  centers 
(Fig.  40,  1  and  2)  were  located  by  monople  irrita- 
tion with  a  rather  strong  electric  current.  Irritation 
of  the  thumb  and  index  finger  foci  provoked  the 
same  kind  of  convulsions  as  had  been  previously 
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clinically  observed.  Multiple  puncture  in  these  sit- 
uations carried  to  the  depth  of  5  to  6  cm.  brought 
forth  about  2  cm3,  of  clear  fluid.  The  clinical  his- 
tory, taken  together  with  the  prolapse,  pointed  to 


Fig.  40 

the  existence  of  a  tumor,  justifying  an  incision  into 
the  arm  center  of  the  anterior  central  convolution. 
This  incision  was  oblique  and  followed  the  direction 
of  the  convolution,  being  gradually  increased  in  size 
until  it  measured  6  cm.  in  length  and  3  cm.  in  depth; 
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however,  no  tumor  was  discovered,  nor  did  the 
cortex  present  any  pathological  alteration.  The 
operation  was  arrested  and  the  wound  closed  by 
suture. 

Immediately  upon  return  of  consciousness  the  left 


Fig.  41 

arm  was  completely  paralyzed,  and  the  next  day  the 
left  leg  also  became  paralyzed.  During  the  follow- 
ing three  weeks  a  large  prolapse  formed,  and  the 
anterior  and  posterior  portions  of  the  wound  burst 
asunder.  The  anterior  prolapse  dermatized  com- 
pletely, leaving  a  scar  the  width  of  the  finger.  The 
posterior  portion  of  the  wound  still  presented  a 
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prolapse  the  -size  of  a  goose  egg,  which  three  months 
later  was  covered  with  a  plastic  flap  operation,  using 
the  scalp  for  the  ]>urpose.  This  was  followed  by 
repair  with,  however,  considerable  prominence  (Fig. 
41).  The  paralysis  of  leg  and  arm  slowly  improved 
(the  leg  more  quickly  than  the  arm)  and  five  months 
after  the  operation  the  patient  was  able  to  go  about 
with  a  cane.  Motion  of  the  arm  four-months  after 
the  incision  into  the  cortical  area  had  partially 
returned.  The  patient  was  able  to  move  moderately 
the  upper  arm  forward,  backward  and  outward,  to 
flex  and  extend  the  forearm,  flex  the  fingers  and  ex- 
tend the  wrist  to  a  slight  extent.  The  other  move- 
ments of  the  limb  were  quite  lost. 

When  discharged,  seven  and  one-half  months  after 
the  operation,  the  patient  could  walk  without  a  cane, 
the  locomotion  being  accurate.  The  arm  did  not 
show  any  further  improvement.  All  the  general 
symptoms  had  disappeared,  the  ophthalmoscope 
showed  the  fundus  normal,  vision  for  both  near 
and  distant  objects  was  not  reduced.  A  half  year 
later  the  patient's  general  condition  was  good.  He 
complained  only  of  the  impaired  utility  of  the  left 
arm,  though  this  had  quite  markedly  improved  since 
the  last  examination.  The  arm  could  be  raised  to 
the  horizontal;  flexion  and  extension  of  the  forearm 
were  forcible  and  normal  in  range.  Active  flexion 
and  extension  of  the  wrist  obtained  over  a  scope  of 
30  degrees.  With  little  force,  however,  the  finger 
functions  were  restricted  to  moderate  flexion  of  the 
thumb.  There  was  no  atrophy,  but  the  muscles  of 
the  limb  were  flabby.  The  leg  could  be  moved  in 
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all  directions,  extension  of  the  foot  was  lessened  in 
force,  active  motion  of  the  toes  was  impossible.  The 
patient  went  about  comfortably,  using  a  cane  as  a  pre- 
cautionary protection.  The  bone  flap  was  movable 
and  elevated  about  2  cm.  above  the  outline  of  the 
skull.  The  fundus  of  each  eye  was  normal.  The 
operation  may  be  regarded  as  having  acted  as  a 
decompression  trephining. 

The  attending  physician  writes  that  at  the  end  of 
a  year  and  a  half  the  patient  was  again  afflicted  with 
convulsions,  which  were  soon  followed  by  uncon- 
sciousness, cerebral  compression  and  death.  No 
autopsy. 


Closure  of  Large  Defects  in  the  Bony  Skull 

In  the  operation  of  trephining  it  is  not  always  fea- 
sible to  preserve  the  bone.  In  cases  of  extensive 
trauma,  sarcoma  of  the  cranial  bones,  tuberculosis 
and  various  other  diseases,  the  bone  must  be  resected 
to  a  greater  or  lesser  degree.  Small  defects  are 
filled,  in  the  adult  by  formation  of  a  firm  cicatrix 
rendering  additional  repair  unnecessary.  In  chil- 
dren, when  the  periosteum  has  been  preserved, 
osseous  repair  takes  place  at  the  edges  of  the  defect 
as  the  result  of  new  bone  forming  from  the  perios- 
teum and  to  some  extent  from  the  dura,  which  latter 
membrane  has  the  same  character  as  the  former 
with  respect  to  its  outer  1'ayers,  while  the  center  of 
the  area  is  filled  up  with  scar  tissue.  Large  defects 
at  times  lead  to  serious  disturbances  of  the  general 
and  mental  functions,  and,  indeed,  may  be  the 
causal  factor  in  epilepsy.  Large  cerebral  herniae 
occur  when  the  dura  is  sacrificed.  In  these  instances 
an  attempt  should  be  made  to  remedy  the  affliction 
by  the  application  of  a  firm  truss.  If  this  proves  inef- 
fectual or  produces  disturbances  plastic  repair  should 
be  made,  bearing  in  mind,  however,  that  the  failure 
of  mechanical  restraint  is  the  indication  for  operative 
reparative  effort. 

One  of  the  best  methods  of  plastic  repair  is  that  of 
Koenig  and  Mueller,  an  illustration  of  which  follows. 
(Observation  XI,  1.)  The  case  was  that  of  a  man  aged 
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twenty-four,  who  was  afflicted  with  a  sarcoma  of  the 
dura,  which  had  extended  to  and  through  the  pos- 
terior aspect  of  the  cranium.  Nine  days  after  extir- 
pation of  the  growth  (January  20th,  1902)  I  made  a 
plastic  repair  of  the  residual  defect. 

The  defect  presented  within  the  area  shown  cov- 
ered by  the  plastic  flap  (Fig.  42).  The  osteoplas- 
tic  flap  was  taken  from  the  place  designated  6,  its 
pedicle  being  directed  toward  the  right  side  of  the 
head.  The  defect  shown  at  b  does  not,  however, 
represent  the  exact  size  of  the  original  gap,  as  its 
edges  were  undercut  and  partial  approximation  made 
with  retention  sutures  at  the  time  of  the  operation. 
Traces  of  the  location  of  the  three  sutures  are  visible 
in  the  picture.  This  markedly  reduced  in  size  the 
raw  surface.  It  must  be  borne  in  mind  that  the  soft 
tissues  of  the  repair  flap  shrink  quite  a  little  after  it 
is  formed,  and  in  order  to  close  the  bony  defect  the 
former  must  be  made  considerably  larger  than  the 
latter.  The  incision  is  carried  through  the  scalp  and 
periosteum  to  the  bone.  A  furrow  is  cut  in  the  skull 
down  to  the  diploea  at  the  edge  of  the  periosteal 
wound,  employing  a  grooved  chisel  or  the  Borchardt 
plowburr  for  the  purpose.  The  outer  layer  of  bone 
is  then  carefully  separated  from  the  inner  laminae 
vitrfe  with  a  flat,  slender  chisel.  The  thin  layer  of 
bone  may  be  inadvertently  fractured  during  the 
manipulation,  but  this  makes  no  difference,  provided 
separation  of  the  periosteum  is  avoided.  The  latter 
is  quite  essential  to  the  preservation  of  the  osteo- 
plastic  flap.  In  the  region  of  the  pedicle  the  flap 
consists  only  of  scalp  and  periosteum  for  a  space  of 
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^  cm.  In  our  case,  the  pedicle  was  twisted  about  70 
den-ires,  and  the  flap  turned  downward  covering  the 
defect,  where  it  was  held  in  place  with  sutures.  In 
this  WHY  the  chiseled  surface  came  in  contact  with 


b 


•—a 


Fig.  42 
Plastic  repair  of  Skull.      Koenig-Mueller 

a.  Site  of  defect 

b.  Where  flap  was  made  from 

c.  Flat  sequestrum 

the  pia  mater,  which  after  nine  days  of  tamponade 
was  quite  covered  with  granulations. 

The  illustration  (Fig.  42)  represents  the  conditions 
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on  February  24th,  that  is,  five  weeks  after  the  repair 
was  made.  The  flap  (Fig.  42  a)  was  entirely  healed 
at  that  time,  and  had  rnade  a  firm  union.  The  defect 


Fig.  43 

Result  after  Koenig-Mueller  osteoplastic  operation.  04  days 
after  extirpation  of  perforating  sarcoma  of  the  dura,  during 
which  the  right  cerebellar  hemisphere  and  the  |>osterior  |x>le 
of  the  right  occipital  lobe  were  exposed.  Observation  XI,  1. 

(b)  was  granulating,  and  after  a  flat  sequestrum  (c) 
had  separated,  was  closed,  March  5th,  by  means  of 
Thiersch  transplantation.  The  ultimate  result  is 
shown  in  Fig.  43  drawn  from  a  photograph  taken  on 
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April  15th,  190*.  The  hairs  at  the  edges  of  the  flap 
were  cut  away  in  order  to  make  visible  its  outline. 
The  patient  was  discharged  May  14th,  1902. 

v.  Hacker  and  Gar  re  employ  subcutaneous  and 
subt'ascial  periostea!  bone  flaps  by  sliding.  Garrr 
makes  the  scalp  flap  so  large  that  the  defect  is  also 
exposed  in  order  to  observe  carefully  the  latter. 
The  repair  flap  consists  only  of  periosteum  and- 
like  the  Koeniy  method— the  outer  layer  of  the  bone. 
This  he  slides  into  the  bone  opening  in  a  curved  line 
comprising  90  degrees.  The  periosteum  is  sutured 
around  the  edges  of  the  defect.  If  the  periosteum 
becomes  separated  from  the  bone  during  the  manipu- 
lation, the  bone  alone  is  placed  into  the  defect. 
Should  this  layer  of  bone,  as  happened  in  one  of 
Garr&'s  cases,  become  curved  convexly  on  its  chiseled 
side,  its  outer  smooth  surface  is  brought  in  contact 
with  the  granulating  dura  and  the  periosteum  placed 
over  the  raw  surface  separately  and  sutured  as 
described.  In  this  event  the  operation  is  not  a  flap 
plastic  but  consists  in  placing  into  the  defect  a 
living  portion  of  bone  which  is  entirely  separated 
from  the  body. 

In  some  instances  the  cranial  bones  are  too  thin  to 
permit  of  employment  of  the  osteoplastic  flap  method. 
It  is  then  necessary  to  employ  other  methods,  some  of 
which  are  quite  satisfactory.  Use  of  portions  of 
bone  from  the  patient  is  a  useful  measure.  After 
injury  to  the  cranium  the  loose  pieces  of  bone  may  be 
employed  for  the  purpose,  provided  the  wound  has 

1  Oscar  Sohr,  Zur  Technik  der  Schaedel-plastik.  v.  Brims,  Beitraege  zur 
Klinischen  Chirurgie.  Bd.  55.  Seite  465,  1907. 
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been   rendered   aseptic.     This    method  is  illustrated 
in  the  following  case. 

The  patient,  a  man,  aged  thirty-one,  had  fallen  (June 
10,  1899)  a  distance  of  several  meters,  sustaining  a 
compound  complicated  fracture  of  the  left  parietal 
bone.  When  primary  unconsciousness  had  disap- 
peared, the  presence  of  paresis  and  loss  of  sensation  of 
the  right  hand  became  manifest.  As  is  usually  the  case 
the  lamina  interna  was  more  widely  splintered  than  the 


Fig.  44 

externa.  The  dura,  which  was  not  torn,  presented 
a  deep  indentation,  the  fragments  were  entirely  loose 
and  driven  inward.  After  removal  of  the  fragments 
they  presented  an  oval  outline  measuring  5.5x4.9 
cm.  (Fig.  44).  In  order  to  exsanguinate  the  pieces  of 
bone  they  were  at  the  time  of  the  operation  sub- 
merged in  a  five  per  cent,  carbolic  acid  solution  for 
one  day  and  boiled  for  one  hour  on  the  three  subse- 
quent days  in  a  normal  sodium  chlorid  solution  and 
then  preserved  underwater  seal  in  the  latter  medium. 
On  the  15th  of  June  the  iodoform  gauze,  which  had 
been  introduced  into  the  wound  at  the  operation,  was 
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removed  with  great  care  in  order  to  avoid  bleeding. 
The  four  larger  fragments  (a,  b,  c,  d)  were  laid  on 
the  dura  and  their  edges  slightly  pushed  under  the 
surrounding  lamina1  vitrae.  The  skin  was  sutured 
over  the  area  without  drainage,  and  the  dressing 
applied  with  moderate  pressure.  After  healing  with- 
out reaction  the  implantation  area  showed  (July 
6th)  a  slight  depression;  closure  of  the  defect,  how- 
ever, was  complete.  The  pulsation  which  on  June 
30th  had  been  quite  discernible  had  disappeared. 
The  paresis  of  the  right  arm  had  already  diminished 
and  ultimately  disappeared  except  for  a  slight  weak- 
ness of  the  ulnar  group  of  muscles.  The  patient  was 
presented  at  the  meeting  of  the  Physicians  Society  in 
Hamburg,  on  May  8th,  1900,  quite  recovered. 
(Deutsche  Med.  Wochenschrift.  1900.  Vereins- 
beilage.)  The  indentation  was  at  this  time  still 
present. 

On  April  18th,  1901  (two  years  later),  the  patient 
was  examined  for  the  last  time  by  the  writer.  The 
bony  closure  was  complete,  and  inelastic.  There 
were  no  cerebral  disturbances  and  no  loss  of  function 
beyond  a  lessening  of  sensibility  in  the  last  three 
fingers.  A  letter  received  in  the  latter  part  of  August, 
1907,  informs  me  that  there  had  been  no  change  in 
the  scar,  that  the  patient  suffered  no  pain,  felt  per- 
fectly well,  and  was  able  to  follow  his  occupation,  that 
of  a  machinist.  Instead  of  reemplanting  the  frag- 
ments, flat  portions  of  the  tibia  or  other  bones  may 
be  chiseled  off  and  employed  for  the  purpose.  How- 
ever, as  (according  to  our  observation)  boiled,  i.  e., 
dead  pieces  of  bone,  are  effectual  in  this  connection, 
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it  is  just  as  well  to  use  portions  of  bone  taken  from 
the  cadaver  or  amputated  limbs  which,  of  course, 
are  readily  obtainable.  Before  placing  the  particles 
in  ftitu  they  should  be  repeatedly  boiled  for  long 
periods  of  time.  Soda  solution  must  not  be  used  for 
this  purpose  as  it  is  likely  to  soften  too  much  thin 
sections  of  bone. 

Bone  tissue  may  be  replaced  by  other  material 
for  the  purpose  as,  for  instance,  the  method  of  A. 
Fracnlccl,  who  closes  the  defect  with  a  celluloid  plate, 
or  metal  plates  of  aluminum  or  silver  may  be  used. 
Lastly,  the  silver  filigree  of  Witzel  may  be  introduced. 

In  the  same  manner  small  splinters  separated 
during  trephining  may  be  used  to  close  the  defect. 
V.  Bramann  peels  back  the  periosteum  and  removes 
narrow  strips  of  bone  from  the  contiguous  skull  with 
a  flat  chisel  and  uses  them  to  cover  the  breach  in  the 
bone.  If  portions  of  bone  entirely  separated  from 
nutritive  connections  are  used  a  favorable  outcome 
depends  largely  upon  complete  arrest  of  bleeding, 
suture  of  the  periosteum  and  the  fact  that  the  grafts 
are  intimately  associated  with  living  tissues.  In 
fact  very  large  portions  of  bone  may  be  used  in  this 
way.  Indeed,  ten  years  ago  I  removed  a  piece  of 
the  anterior  surface  of  the  tibia  (8  cm.  in  length) 
together  with  its  periosteal  covering,  and  transplanted 
it  into  a  defect  in  the  anterior  aspect  of  the  pelvis 
which  was  left  after  excision  of  a  large  osteosarcoma 
of  the  os  pubis,  with  favorable  result.  At  that  time 
I  regarded  utilization  of  the  periosteum  as  exceed- 
ingly important,  a  belief  which  has  been  proven  to 
be  true  by  Lexer. 


Craniocerebral  Topography 

When  the  diagnosis  of  a  pathological  focus  in  the 
brain  is  made  and  its  location  determined  with 
respect  to  a  certain  area,  the  trephine  opening 
should,  as  closely  as  possible,  correspond  to  its  seat. 
For  this  reason  the  relationship  of  the  cerebral  con- 
volutions to  the  surface  of  the  cranium  should  be 
determined  with  accuracy.  While  we  owe  recogni- 
tion of  the  original  and  most  extensive  observations 
in  this  connection  to  the  anatomists  of  France,  the 
importance  of  the  relationship  of  the  fissures  to  the 
convolutions  is  the  outcome  of  the  painstaking  labor 
of  Adolph  Pansch.1  The  more  accurate  and  more 
closely  defined  the  recognition  of  the  physiological 
functions  of  various  portions  of  the  brain  are,  and 
consequently  the  more  certain  the  diagnosis  of  the 
location  of  lesions  is,  the  more  reliable  a  pathfinder 
will  cranio-topography  be  and  less  extensive  surgical 
trauma  will  be  necessary  to  achieve  the  intent. 

Localization  is  most  readily  accomplished  when 
the  situations  of  the  fissures  of  Rolando  and  Sylvius 
are  determined.  The  simplest  method  of  arriving 
at  a  conclusion  in  this  regard  is  the 

Kroenlein  Construction 


1  Waldeyer,  Topographic  des  Gehirns.  Vortrag  in  der  Anatomischen  Sektion 
des  XIII  Internationalen  Medizinischen  Kongresses  zu  Paris.  Deutsche  Med- 
izinische  Wochfnschrift  1901.  Nr.  26-29.  I  have  used  very  largely  this  report 
for  my  t  -pographical  representations. 
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which  is  taken  from  his  own  illustration  and  shown 
in  Fi<;.  45. 

In  order  to  rapidly  locate  these  two  lines  Kroenlein 
employs  a  craniometer  made  for  himself  by  the  instru- 
ment makers,  Hanhart  &  Ziec/ler,  of  Zuerich.  It  is 
my  practice  to  delineate  these  lines  on  the  shaved 
scalp  twenty-four  hours  before  the  operation  with 
the  nitrate  of  silver  stick  (Fig.  46). 

The  following  additional  lines  are  outlined  on  the 
scalp: 

1.  The  base  line  (the  German  horizontal  line)  is 
in  accord  with  the  Frankfurt  agreement  drawn  from 
the  lower  rim  of  the  orbital  cavity,  backward  through 
the  highest  point  of  the  external  auditory  meatus. 

2.  The  upper  horizontal   line  parallels  the   first 
on  a  line  with  the  upper  edge  of  the  orbital  cavity. 

3.  The    front    vertical    (Z)    line    runs    vertically 
between  the  first  and  second  through  the  center  of 
the  zygomatic  arch. 

4.  The  middle  vertical  line  (A)  crosses  the  center 
of  the  articular  knob  of  the  inferior  maxilla. 

5.  The  posterior  vertical  line  (M)  crosses  the  pos- 
terior edge  of  the  mastoid  processes. 

The  linea  Rolandi  (HP)  connects  the  intersection 
of  the  front  vertical  and  the  upper  horizontal  (K) 
lines  at  a  point  where  the  posterior  vertical  meets 
the  median  line  (P). 

The  linea  Sylvii  (KS)  halves  the  angle  (Pkk,).  This 
is  prolonged  backward  to  the  posterior  vertical  line. 
Further  elucidation  may  be  obtained  from  Fig.  45. 

Kroenlein  bases  his  work'  on  the  observations  of 

1  Zur  Craniocerebralen  Topographic,  v.  Bruns'  Beitraeee  zur  Klinisohen 
ChirurKie,  Bel.  22,  Seite  364,  1898. 
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Supraorbitallinif                Ax^ 
(Obtn  Horizontdlt)  K  ./?£ 
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Otir-Orbitallinie 
(Dtutseht  Horiuintalt) 

Z       A 


M 


Fig.  45 

Kroenlein's  Construction  for  locating  the  central  sulcus,  and  the 
Fissure  of  Sylvius  on  the  surface 
K  =  Division  of  fissure  of  Sylvius 
S  =  Posterior  end  of  fissure  of  Sylvius 
R  =  Lower  end  of  central  sulcus 
P  —  Upper  end  of  central  sulcus 

(From  Kroenlein  in  v.  Bergmann's  Handbook  of  Practical  Surgery. 
Third  edition,  1907,  Vol.  I,  page  SSl) 
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A.  Froriep1,  whose  construction  in  general  is  figured 
with  respect  to  various  forms  of  skulls,  taking  into 
account  short,  high  or  long  low  forms  of  heads.  In 
the  first  class  of  cases  Froriep  thinks  the  brain  is 
crowded  toward  the  forehead  and  would  indicate 


Fig.  46. 

Location  of  the  fissures  of  Rolando  and  Sylvius 
according  to  the  Kroenlein  construction 

that  the  fissure  of  Rolando  lies  farther  forward 
(frontipetal  type).  In  the  latter  class  the  brain 
appears  to  make  a  turn  upon  its  horizontal  axis  and 

1  August  Froriep,  Zur  Kenntniss  der  Lagebeziehungen  zwischen  Grosshirn 
und  Schaedeldach  bei  Menschen  verschiedener  Kopfform,  Leipzig,  bei  Veil 
&  Co.,  1897.  P.  30. 
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Sulcus  centralis  -  - 


Point  of  division 
,    of  Fissure 

of  Sylvius  ~ 
(Sylvian  Point) 


Sulcus  centralis 


Fissure   of  Syl- 
vius 
(upper  end) 

Fissure  parieto- 

occipitalis 
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Rim  of  Orbit 


•    1 
External  auditory  canal 


German  Hori- 
zontal line 


Prot.  Occip.  Ext. 


Fig.  47 
Example  of  Frontipetal  Type  of  Brain 


Sulcus  centralis 


Fissure   of  Syl- 
vius 
(upper  end) 


Fissure  parieto- 
occipitalis 
(lateral  end) 


Rim  of  Orbit 


External  auditory  canal 


Prot.  Occip.  Ext. 


Fig.  48 
Example  of  Occipitopetal  Type  of  Brain 
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its  posterior  is  crowded  backward,  constituting  a  dis- 
placement backward  of  the  entire  brain,  thus  causing 
the  central  sulcus  to  lie  more  obliquely  backward 
(occipitopetal  type).  The  same  respective  dis- 
placements of  all  convolutions  and  fissures  occur  in 


S.  praecentral. 
S.  frontal.  »u;«  r. 
G.  frontal,  super. 

G.  frontal,  med.- 

S.  frontal,  iiif'  r.  — 
G.  frontal,  infer.— 

Ram.  anter.  attend. 
f Issue.  Sylvll 

Ram.  anter.  horizont. 
Uttur.  Sylvll 


Operculum 
G.  temporal.  I  (super.) 

G.  temporal.  II  (med.) 


G.  central, 
anter.         .-ulcus  centralis 

i  •    G.  central,   poster. 

,  S.  interparietal.  into  S.  Retrocentralit 
G.  supramarginalis 
^Lofoul.  pariet.  super. 
^Lobul.  pariet.   infer. 

Fluura  Sylvll 

Kant,  potter,  horizontalia 

i\-\- F.  parieto-occipit. 


-U-  G.  angularis 
j-  G.  occipit.  sup. 

\  G.  occipit.  later. 


\  S.  temporal.  I  'Fitumra  paralltla) 


S.  temporal.  II  (med.) 


Gyr.  temporal.  Ill  (infer.) 

Fig.  49 

Convolutions  and  Fissures  of  the  Brain 

(From  Kroen/ein  in  i>.  Bergmann'i  Handbuch  der  praktischen 
Chirurgie,  Third  Edition,  Vol.  I,  page  239) 

the  same  proportion.  "The  more  marked,"  says 
Froriep,  loco  citato  page  28,  "the  length  of  the  pos- 
terior segment  of  the  skull  is  and  the  more  the  external 
occipital  protuberance  lies  toward  the  horizontal  or 
beneath  it,  the  more  certain  may  the  occipitopetal 
type  with  a  corresponding  position  of  the  brain  be 
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t  ikon  into  account.  Per  contra  the  frontipetal  type  is 
to  be  expected  when  the  audito-occipital  distance  is 
short  and  the  posterior  segment  of  the  skull  is  high. 

Fiys.  47  and  48  represent  the  two  types  as  de- 
scribed by  /'VonY/>,  though  the  differences  are  quite 
strongly  drawn.  The  squares  surrounding  the  sketch 
correspond  to  the  long  diameter  and  the  height  at 
the  car  line  of  the  skull.  The  inferior  edge  of  the 
orbital  cavity  is  indicated  on  the  audito-orbital  line, 
as  is  also  the  location  of  the  auditory  meatus.  The 
dotted  line  running  upward  at  the  latter  situation 
makes  quite  apparent  the  differences  in  frontipetal 
or  occipitopelal  types  of  brains.  The  averaging 
of  a  number  of  measurements  would  indicate  that 
the  most  frequent  variation  in  position  of  the  brain 
is  that  of  rotation  on  its  transverse  axis  combined 
with  displacement  downward  and  backward. 

For  these  types  Froriep  emphasizes  that  "the 
total  length  of  the  skull,  rather  than  the  longitudino- 
transverse  index,  indicates  the  conditions.  If  the 
total  length  is  beyond  a  certain  dimension  the  occipi- 
topetal  type  presents  and  per  contra,  if  this  be  below 
a  certain  measurement  the  frontipetal  type  obtains. 
Although  the  importance  of  increased  vertical  diam- 
eter is  not  to  be  disregarded,  neither  the  brachy- 
cephalic  nor  dolicephalic  heads  need  necessarily  pre- 
sent the  frontipetal  nor  occipitopetal  types  of 
brain  position."  These  representations  of  Froriep 
are  of  importance  to  the  surgeon,  giving  us  the  rela- 
tive values  of  each  type  upon  which  to  base  a  method 
of  action. 

Beyond  the  various  types  of  skulls  other  devia- 
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tions  from  standard  are  to  be  considered,  such  as 
race,  sex  and  age.  To  avoid  encumbering  elucida- 
tion of  the  problem  I  proceed  at  once  to  a  discussion 
of  the  most  important  considerations  in  connection 
with  the  convolutions  and  fissures  of  the  brain. 

1.    The  Suclus  Centralis  (fissure  of  Rolando] 
generally  takes  a  course  in  which  there  are  two  knee- 
like  bends;  its  situation,  therefore,  is  only  determina- 
ble  on  the  calvarium  at  its  upper  and  lower  termina- 
tions.    The  former  is  located  by  dividing  in  one  half 
the  distance  between  the  root  of  the  nose  (Nasion) 
and  the  external  occipital  protuberance  (Inion)  and 
measuring  backward  from  this  2  cm.     (Thane,  1  cm.). 
Broca  employs  for  the  purpose  in  addition  to  the 
nasion,  which  corresponds  to  where  the  nasal  suture 
reaches   the   frontal    bone,    the    ophryon,    which    is 
located  at  the  middle  of  the  glabella.     Measuring 
backward  from  the  ophryon  in  the  median  line  the 
upper  end  of  the  central   fissure  is   located  53/100 
behind   the   former     (E.   Masse  and   Woolingham). 
The  lower  end  of  the  fissure  corresponds  in  the  adult 
to  a  point  determined  by  dropping  a  vertical  line 
through    the    preauricular    depression    between    the 
tragus  and  the  articular  head  of  the  inferior  maxilla 
on  the  upper  edge  of  the  zygoma,  and  measuring 
upward  on  this  line  5  to  6  cm.  from  the  upper  edge 
of  the  external  auditory  meatus.    In  children  the  foot 
of  the  fissure  is  located  15  mm.  below  the  middle  of 
a  line  drawn  vertically  from  the  external  auditory 
meatus  to  the  sagittal  line.     This  line,  together  with 
the  fissure,  forms  an  angle  of  67  degrees  (Hare). 
The  central  fissure  lies  in  the  middle  of  the  ante- 
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rior  third  of  the  parietal  bone,  its  lower  two-thirds 
run  nearly  parallel  to  the  coronal  suture,  while  the 
upper  one-third  deviates  sharply  backward.  The 
position  it  occupies  is  at  its  lower  end  30.  at  the 
upper  40  to  50  mm.  from  the  coronal  suture.  In 
women  the  distances  are  27  to  45  mm.,  and  in  chil- 
dren 11  to  33  mm.  respectively  (Poirier}. 

As  the  gyri  centralis  anterior  and  posterior  in  the 
adult  measure  at  their  middle  18  to  20  mm.  in 
breadth,  determination  of  the  situation  of  the  central 
fissure  locates  the  situation  of  the  precentral  and 
postcentral  convolutions. 

2.  The  Fissure  of  Sylvius  runs  with  moderate 
ascending  obliquity  from  Broca's  pterion,  which 
latter  is  located  near  the  posterior  end  of  the  spheno- 
parietal  suture  (anterior  vertical  line  4  to  4£  cm. 
above  the  zygoma)  to  the  middle  of  the  lower  portion 
of  the  parietal  tubercle,  though  it  does  not  in  all 
instances  reach  quite  to  the  latter  point.  As  the 
fissure  varies  in  development,  and  with  regard  to  its 
upper  terminal  end  and  also  varies  considerably  as 
to  its  course,  the  designation  just  stated  is  some- 
what unreliable.  In  the  frontipetal  type  Froriep 
found  the  upper  end  of  the  fissure  more  toward  the 
anterior  lower  portion  of  the  parietal  tubercle,  and 
in  the  occipitopetai  type  more  toward  its  posterior 
aspect.  In  children  during  the  first  two  years  of 
life  the  squamous  bone  is  quite  small,  and  the  parietal 
bone  reaches  to  or  extends  below  the  first  temporal 
sulcus.  In  these  instances  the  fissure  of  Sylviiis 
is  covered  entirely  by  the  parietal  bone. 

The   fissure   divides    into   three    branches,    ramus 
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anterior  horizontalis,  ramus  anterior  ascendens  and 
ramus  posterior  horizontalis.  The  latter  represents 
as  the  main  branch  the  greater  part  of  the  fissure. 
The  origin  of  the  two  anterior  branches  corresponds 
to  the  punctum  Sylvii  (Sylvian  point  of  the  English), 
which  is  located  at  the  pterion.  The  ramus  anterior 
ascendens  lies  vertically  to  the  ramus  posterior 
horizontalis,  the  ramus  anterior  horizontalis  runs 
from  the  pterion  beneath  the  sphenoparietal 
suture  with  reliable  persistence  in  an  anterior  di- 
rection. 

3.  The  three  frontal  convolutions  lie  with  their 
posterior  ends  in  contact  with  the  precentral  convo- 
lution, i.  e.,  about  20  mm.  from  the  central  fissure. 
The  first  begins  1  cm.  from  the  median  line,  taking 
the  longitudinal  sinus  into  account.     The  second  is 
located  with  its  middle  (in  children,  Fere)  under  the 
center  of  the  frontal  eminence,  while  in  the  adult  this 
point  corresponds  to  the  first  frontal  fissure  or  to  the 
border  between  the  inner  and  outer  two-thirds  of  the 
second  frontal  convolutions  (Poirier).     The  third  is 
situated  about  the  rami   anteriores  horizontalis  and 
ascendens  of  the  fissure  of  Sylvius. 

4.  The  three  lateral  temporal  convolutions  occupy 
the  space  at  the  side  of  the  brain  between  the  fissure 
of  Sylvius  and  the  temporal  border.     The  latter  in 
the  average  corresponds  to  a  line  5  mm.  above  the 
upper  edge  of  the  external  auditory  meatus,  that  is, 
in  this  situation,  very  near  the  level  of  the  upper 
border  of  the  zygoma,  and  at  its  middle  to  the  incisura 
semilunaris  of  the  lower  jaw,  where  the  lowest  point 
of  the  temporal  lobe  is  usually  found  (A.  Froriep), 
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though  it  may  dip  down  to  opposite  the  lower  edge 
of  tlie  zygoma. 

The  first  temporal  convolution  measures  at  its 
center  about  15  mm.  in  breadth,  and  is  bounded 
hrlow  by  the  first  temporal  fissure  which  is,  because 
it  runs  parallel  to  the  fissure  of  Sylvius,  at  times 
called  the  fissura  parallela.  The  second,  which  is 
rarely  strongly  apparent,  lies  about  in  the  middle  be- 
tween the  first  fissure  and  the  temporal  border  line. 

The  anterior  two  thirds  of  the  first  and  second 
temporal  convolutions  are  covered  by  the  squamous 
portion  of  the  temporal  bone,  the  extreme  front  ends 
by  the  greater  wing  of  the  sphenoid.  The  anterior 
portion  of  the  third  (and  fourth)  temporal  convolu- 
tion may  be  reached  from  the  anterior  part  of  the 
inferior  temporal  fossa,  which  is  formed  by  the 
greater  wing  of  the  sphenoid  bone. 

All  three  lateral  temporal  convolutions  end  at 
their  posterior  aspects  in  the  gyrus  angularis  and 
supra  marginalis,  both  of  which  are  most  largely 
formed  by  the  parietal  lobes. 

5.  The    location    of   the    gyrus   supramarginalis 
corresponds  to  the  situation  of  the  tuberosity  of  the 
parietal  bone  (Huschke)*  and  winds  around  the  pos- 
terior end  of  the  ramus  posterior  horizontalis  of  the 
fissure  of  Sylvius. 

6.  The  gyrus  angularis  winds   around  the  pos- 
terior upper  end  of  the  first  temporal  fissure.     Its 
location  is  determined  upon  the  unopened  skull  in 
its  relationship  to  the  tuberosity  of  the  parietal  bone 
lying  a  little  behind  and  above  it,  i.  e.,  about  3  cm. 
behind  the  gyrus  supramarginalis  (Poirier). 
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7.  The    .vH/rf/.s-    parietalis    (intr  a  parietal    fissure) 
consists  of  two  divisions;  its  ascending  branch  con- 
nects  with   the   retrocentral   fissure,   and   lies   about 
20  mm.  behind  the  central  fissure  (Waldeyer).    The 
longer  horizontal  branch  runs  close  to  the  upper  por- 
tion of  the  tubercle  of  the  parietal  bone,  45   mm. 
lateral  to  the  median  line,  and  when  it  reaches  to 
opposite  the  lambda  it  approaches  to  within  33  mm. 
of  the  latter  (Thane). 

8.  The   parieto-occipital  fissure,   in  the   occipito- 
petal  type  of  skull,   lies'  with  its  upper  end  imme- 
diately above  the  lambda  (tip  of  the  squamous  por- 
tion of  the  occipital  bone)  or  corresponds  exactly  to 
this  point,  and  in  the  frontipetal  type  and  in  young 
children,  1  cm.  higher  up  .and  2  cm.  lateral  from  the 
horizontal  line.     The  lambda  is,  in  the  adult,  located 
6  to  7  cm.  above  the  external  occipital  protuberance 
(Inion),  and  8  to  10  cm.  behind   the  upper  end  of 
the  Rolandic  fissure. 

Prolongation  of  the  lines  KS  and  KK1,  of  the 
Kroenlein  construction  (page  212)  to  the  sagittal 
line,  leaves  a  space  between  it  and  the  median  line. 
If  this  be  divided  into  three  parts  the  parieto-occipital 
fissure  will  be  found  to  correspond  to  about  the 
junction  of  the  middle  and  upper  thirds. 

A  knowledge  of  the  course  of  the  fissures  of  Ro- 
lando and  Sylvius  reveals  the  location  of  the  central 
convolutions,  the  operculum,  the  temporal  lobe  and 
also  the  seat  of  the  frontal  and  parietal  lobes  of  the 
cerebrum.  As  the  external  occipital  protuberance  is 
palpable  in  all  skulls,  the  location  of  the  occipital 
lobe  is  also  readily  recognized. 
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9.  The  Cerebellum,  with  its  hemispheres,  lies 
in  contact  with  the  squamous  portion  of  the  occipital 
hone,  the  posterior  third  of  the  mastoid  process  of 
the  temporal  bone  and  rests  with  its  inferior  surface 
upon  the  foramen  magnum.     Upward  it  reaches  to 
the  linea  nuchse  superior,  which  corresponds  to  the 
lower   edge    of   the    transverse   sinus.      'The    white 
substance  of  the  vermis  runs  on  a  quite  horizontal 
line  to  the  confluent  sinus."     (Waldeyer.} 

10.  The  large  Basal  Ganglia.     As  I  have  not 
made  any  observations  and  have  had  no  experience 
in  this  connection,  I  quote  Waldeyer  (1.  c.)  verbatim: 
"My  investigations  substantiate  on  the  whole  those 
of  Fere  and  Dana,  but  to  be  exact  the  three  localiza- 
tion levels  of  these  authors  should  be  supplemented 
by    three    additional    ones.     According   to    Dana    a 
frontal  level   18  mm.    behind  the    fronto-zygomatic 
suture  corresponds  to  the  anterior  end  of  the  corpus 
striatum,  a  second,  at  the  posterior  border  of  the  base 
of  the  mastoid  process  or  the  upper  end  of  the  fissure 
of  Rolando  corresponds  to  the  posterior  knee  of  the 
corpus  striatum  or  posterior  border  of  the  thalamus. 
A  horizontal  level  45  mm.  below  the  vertex  of  the 
cranium  skirts  the  upper  surface  of  the  striatum.     I 
add  to  this  that  the  lower  border  of  the  cerebral 
ganglionic  mass  corresponds  to  the  nasion-horizontal 
line,  its  lateral  dimensions  lying  between  the  middle 
level  and  the  lateral  ventricle. 

The  anterior  horn  of  the  latter,  however,  lies 
(according  to  Poirier)  at  the  forehead,  6  to  7  cm. 
from  the  scalp,  the  posterior  and  inferior  horns  4  cm. 
Tillaux  states  with  truth  that  the  basal  ganglia,  in 
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PUNCT.  ROLUNWCUW  SUP 


BRfGMA 


UMBDH-- 


F\g.  50 
Location  of  the  Insula  and  Lateral 

Ventricle 

From  Quain's  Elements  of  Anatomy. 
Edited  by  Albert  Schaefer  and  George  Dancer 

Thane. 
Appendix  by  G.  D.  Thane  and  R.  J.  Godlee,  Tenth  Edition,  London,  1896. 

Island  of  Reil.  The  punt-turn  Sylvii  designates  the  pole  of  the  island,  its  posterior 
end  lies  on  the  linea  Sylrii  35  mm.  behind  this  point.  The  shaded  outline  of  the  island 
acts  as  a  guide  to  the  basal  ganglia,  which  extend  only  slightly  beyond  it,  about  to  the 
outer  borders  of  the  main  ]x>rtion  of  the  lateral  ventricle. 

The  lateral  ventricle  is  outlined  by  a  dotted  line,  its  three  horns  (anterior,  posterior 
and  inferior)  are  also  indicated  in  the  same  way. 

The  fissures  of  Rnlando  and  Sylrius  are  indicated  with  broken  lines. 

Reid's  base  line  (horizontal  line  of  the  skull)  is  the  "Frankfurter  Linie  "  of  the  German 
Anthropologists.  It  begins  at  the  lowest  point  of  the  inferior  edge  of  the  orbital  cavity 
and  crosses  at  the  highest  point  of  the  upper  edge  of  the  external  auditory  meatus. 
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foto,  are  situated  above  the  external  auditory  meatus 
ami  that  this  opening  corresponds  about  to  their 
middle. 

Between  the  levels  mentioned  the  island  of  Reil  is 
situated,  for  the  exact  localization  of  which  addi- 
tional guides  are  necessary.  G.  D.  Thane  locates  the 
pole  of  the  island  at  the  punctum  Sylvii.  A  point  on 
the  linea  Sylvii  35  mm.  behind  this  indicates  the  pos- 
terior end  of  the  island,  and  the  anterior  end  lies  15 
nun.  in  front  of  the  punctum  Sylvii.  The  upper 
border  runs  from  behind  in  a  curve  through  the  upper 
end  of  the  ramus  ascendens  anterior  sylvii 
to  the  anterior  upper  end,  the  lower  from  the  posterior 
end  to  a  point  15  mm.  forward  from  the  punctum 
Sylvii  on  the  linea  zygomatico-lambdoidea,  the 
anterior  border  being  outlined  by  the  union  of  the 
two  anterior  end  points  mentioned.  (Fig.  50.) 

Kocher's  Method 

Kocher,  in  his  widely  distributed  work1  submits 
his  own  method,  which  he  more  completely  describes 
in  NothnageVs  Handbuch,2  based  on  average  meas- 
urements of  Hare  and  Mutter  and  recommends  it  as 
the  best  procedure  in  respect  to  craniocerebral 
topography.  (Fig.  51.)  For  rapid  demarcation  he 
employs  the  idea  of  John  Chiene,3  using  an  apparatus 
(Kyrtometer)  made  of  flexible  steel  bands  which  he 
has  modified  in  the  following  way: 

1 "  Chirurgische  Operationslehre,"  5th  Edition,  Jena,  Gustav  Fischer,  1907, 
p.  291. 

1  Hirnerschuetterung,  Hirndruck  und  chirurigische  Eingriffe  by  Hirnkrank 
heiten,  in  "Nothnagel's  Spezieller  Pathologic  und  Therapie,"  Bd.  IX,  Teil  III 
Wien,  1901,  Alfred  Hoelder. 

3  Described  by  Hare,  Lancet,  March,  1888. 
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The  base  of  the  skull  is  encircled  with  a  telescop- 
ing, adjustable  band  (N  O)  which  is  held  in  place 
with  a  screw.  The  lower  edge  of  the  band  rests  on 


•M     Mocker's  Craniometer  Lines 

(D       Reiner-Pollack  Abscess  points  (p.  23S) 

^       Points  for  puncture  of  the  several 
brain  lobes 

Fig.  51 
Kocher'i  Craniocerebral  Method 

the  lowest  point  of  the  glabella  and  on  the  lowest 
part  of  the  external  occipital  protuberance.  This 
band  marks  the  horizontal  circumference  of  the 


•>->(>  THE  SURGERY  OF  THE  BRAIN 

skull  (ttii-ycr*  base  level,  Rocker's  a?quatorial  line). 
Vertical  to  this  (line  N  S  O)  the  sagittal  meridian  is 
reached.  The  steel  band  outlining  this  line  is  fast- 
ened behind  at  right  angles  to  the  encircling  base 
band,  being  firmly  drawn  beneath  the  latter  and 
fastened  also  in  front.  A  third  band,  which  is  ad- 
justable on  the  sagittal  band  and  capable  of  being 
turned  on  the  axis  of  a  circle,  is  fixed  at  a  point  mid- 
\\a\  between  the  glabella  and  external  occipital  pro- 
tuberance (S)  "Scheitelpunkt"  and  placed  in  situ  at 
a  forward  angle  of  60  degrees,  corresponding  to  the 
course  of  the  precentral  fissure  (Linea  praecentralis 
S  V).  If  this  line,  down  to  the  aequatorial  line,  be 
divided  into  three  equal  parts,  the  "third-points," 
o.  D,  and  u.  D,  correspond  to  the  posterior  ends  of 
the  sulcus  frontalis  superior  and  inferior. 

When  the  third  band  is  turned  backward  60  de- 
grees, so  that  it  forms  an  angle  of  60  degrees  with 
the  sagittal  band,  it  indicates  the  "Linea  limitans" 
(S  H).  This  is  only  of  service,  however,  when  the 
band  is  pushed  farther  backward,  or  if  the  Linea  naso- 
lambdoidea  (N  L)  is  indicated  with  an  added  band. 
The  linea  limitans  begins,  according  to  Rocker,  1  cm. 
above  the  point  of  the  lambdoid  suture  and  reaches 
to  the  glabella.  Below  the  crossing  of  N  L,  the 
linea  limitans  indicates  quite  closely  the  border  line 
between  the  temporal  and  occipital  lobes.  Above 
this  line  of  crossing  is  the  border  of  the  gyrus  supra- 
marginalis  (in  front),  and  the  gyrus  angularis  (be- 
hind). Lastly,  still  farther  above,  is  the  border  line 
between  the  central  and  parietal  lobes. 

The  linea  naso-lambdoidea  "indicates  the  length 
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of  the  first  temporal  convolution  between  the  pre- 
central  line  and  the  linea  limitans" ;  for  this  reason 
Kocher  calls  this  portion  of  the  line  the  linea  tem- 
poralis  I,  "because  it  indicates  in  front  the  upper 
edge  of  the  temporal  lobe  and  behind  the  lower  edge 
of  the  same."     "At  the  point  of  intersection  of  the 
precentral  line,  the  linea  naso-lambdoidea  indicates 
the  situation  of  the  anterior  end  of  the  fissure  of 
Sylvius.     The  posterior  end  of  the  line  corresponds 
to  the  parieto-occipital  fissure,  and  at  the  same  time 
the    border    of    the    occipital    and    parietal    lobes." 
When  (according  to  Poirier's  statements)  the  linea- 
lambdoidea  is  drawn  from   nasion   to   lambdoid  it 
indicates  the  course  of  the  fissure  of  Sylvius  only  as 
regards  its  anterior  4  to  6  cm.,  and,  indeed,  barely 
to  a  vertical  line  drawn  from  the  anterior  border  of 
external  auditory  meatus  upward  to  a  point  6  cm. 
above  this  line.     Consequently  this  calculation  is  not 
to  be  recommended  for  the  purpose  of  locating  the 
fissure  of  Sylvius,  and  still  less  so  as  the  lambda  is 
not  readily  palpable  on  all  skulls.     Kocher  disregards 
an  accurate  localization  of  the  fissure  of  Sylvius,  and 
is  content  with  locating  its  anterior  end,  relying  upon 
the  first  temporal  convolution  in  this  connection. 

Kocher's  method  is  exceedingly  valuable  for  the 
purpose  of  locating  the  precentral  convolution  and 
the  frontal  convolutions.  It  is  a  question,  however, 
whether  the  determination  of  the  precentral  region 
is  as  important  as  Kocher  thinks.  I  do  not  believe 
so.  It  is  true  that  he  states  on  page  298  of  his 
Operative  Surgery,  "We  cannot  understand  how 
Krause,  after  dwelling  on  the  importance  of  the  pre- 
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central  fissure,  still  clings  to  the  necessity  of  deter- 
mining the  location  of  the  fissure  of  Rolando."  As 
this  question  involves  a  principle  I  am  justified  in 
making  it  the  subject  of  some  remarks.  If  the 
surgery  of  the  brain  were  restricted  to  exposure  of 
the  c(Mitral  region,  especially  as  is  undertaken  for  the 
relief  of  Jaclctioiiian  epilepsy  and  only  the  location  of 
the  anterior  central  region  were  to  be  determined  by 
electric  stimulation,  upon  which  procedure  Koclicr'.f 
conclusions  are  largely  based,  his  statements  would 
be  justified.  However,  the  time  that  v.  Bcrf/mann 
characterized  the  surgery  of  the  brain,  as  far  as 
tumors  are  concerned,  as  that  of  the  surgery  of  the 
central  region,  is  long  passed,  and  H.  Oppenheim,  in 
his  "Monograph"1  clearly  enunciates,  that  of  his 
twenty-seven  operative  cases  only  four  or  five  were 
located  in  the  motor  zone,  and  that  none  which 
recovered  were  afflicted  with  tumor  in  the  latter 
region. 

The  central  fissure  is  and  will  be  to  us  for  purposes 
of  localization,  on  the  surface  of  the  skull,  the  path- 
finder, and  when  its  course  is  outlined,  it  is  a  small 
matter  to  find  the  precentral  fissure  which  parallels 
the  former  18  to  20  mm.  in  front  of  it.  Determination 
of  the  location  of  the  fissure  of  Sylvius  is  of  equal  im- 
portance. That  Kocher's  method  is  not  reliable  in 
this  regard  I  show  in  a  normal  skull  (Fig.  52). 
Although  the  lambda  was  distinctly  palpable  in  this 
instance,  and  for  this  reason  the  linea  naso-lambdoidei 
easy  to  outline,  the  linea  temporalis  is  manifestly  too 

1  Beitraege  zur  Diagnostik  und  Therapie  der  Geschwuelste  im  Bereich 
des  zentralen  Nervensytems.  Berlin,  bei  S.  Karger,  1907,  p.  63. 
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high,  while  the  location  of  the  fissure  of  Sylvius  after 
Kroenlein  is  correctly  marked. 

In  the  vast  majority  of  my  operative  cases,  which 
have  involved  invasion  of  all  of  the  sections  of  the 


Preoental  fissure  with  the 

two  "third  points. "        Central  fissure 


Fig.  52 
Illustrates  Observation  III,  4 

With  Kocher't  Kyrtometer Drawn  according  to  Kroenlein. 

1  and  2  Natter'*  puncture  |*>ints  in  the  anterior  central  convolution. 
1  Leg  center,  2  Arm  center. 

brain,  I  have  been  satisfied  with  the  Kroenlein  con- 
struction. Nevertheless  I  have  often  employed  the 
Kocher  kyrtometer,  as  it  is  of  service  to  employ  various 
methods  for  the  purpose  of  determining  the  location 
of  the  main  fissures.  No  construction  may  be  re- 
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Carded,  at  the  present  time,  as  absolutely  reliable  in 
all  instances;  for  this  reason  we  are  forced  to  make 
rather  large  trephine  openings. 

ll'aldeyer  regards  the  Kroenlein  construction  as  the 
most  reliable.  Schwalbe1  is  also  of  the  opinion  that 
the  location  of  the  sulcus  centralis  is  most  readily 
obtained  by  following  the  method  of  Kroenlein. 
According  to  his  investigations  it  is  feasible  not  only 
to  define  certain  parts  of  the  brain,  but  also  to  locate 
certain  convolutions  on  the  outer  surface  of  the  skull 
in  accord  with  protuberances  which  are  palpable  on 
the  cranium  of  the  living  subject. 

1  Ueber  craniocerebrale  Topographic,  Vortrag  in  der  Strassburger  militaer- 
aertzlichen  Gesellschaft  am  I.  October,  1906.  The  detailed  report  of  the 
author's  work  did  not  appear  after  his  personal  communication  to  the  writer. 


Brain  Puncture  and  Puncture  of  the 
Ventricles 

Puncture  of  the  brain  and  ventricles  may  be  made 
through  the  skull  for  diagnostic  and  therapeutic  pur- 
poses. In  the  latter  regard  puncture  has  been  of 
service  in  several  forms  of  hematoma.  Hartmann 
(Gratz)  has  used  the  method  to  advantage,  withdraw- 
ing fluid  blood  from  the  ventricle  after  the  diagnosis 
had  been  made  by  lumbar  puncture.  The  beneficial 
effect  of  brain  puncture  in  cyst  formation  is  of  doubt- 
ful utility,  for  the  reason  that  cysts  frequently  are 
complicated  by  neoplasms  (page  58).  Also  the 
method  is  of  use  in  intracranial  medication.  A. 
Kocher,  following  the  experiments  of  Roux  and 
Barrel,  injected  antitetanus  toxin  into  the  normal 
nondilated  lateral  ventricle  with  a  fine  needle. 

The  important  role  played  by  ventricular  puncture 
relates  to  the  diagnosis  and  treatment  of  hydro- 
cephalus  internus,  and  this  is  taken  up  under  a  separate 
head.  At  this  time  the  diagnostic  value  of  brain 
puncture  will  be  discussed. 

The  Neisser-Pollack  Brain  Puncture 

To  Neisser  and  Pollack1  belongs  the  credit  of 
placing  on  a  scientific  basis  the  method  of  brain 
puncture.  The  history  and  literature  of  the  subject 
will  be  found  in  their  report.  (See -footnote.)  It  is 

1  Die  Hirnpunction.  Mitteilungen  aus  den  Grenzgebieten  der  Medizin  und 
Chirurgie,  XIII.  1904. 
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proper  to  state,  however,  in  this  connection,  that 
Mhldcldnrp  first  bored  into  the  skull  for  the  relief  of 
encephalorele,  cephalhematoma  and  hydrocephalus. 
Recently  B.Pfeifer'  reports  theworkdone  in  Wernick's 
clinic  at  Halle,  in  connection  with  puncture  in  cases 
of  brain  tumor. 

\eisser  and  Pollack  have  indicated  on  the  Kocher 
schema  all  points  at  which 

Puncture  of  the  Several  Brain  Sections 

may  be  made  with  the  greatest  certainty  of  achieving 
the  purpose  without  injuring  the  middle  meningeal 
artery  and  its  branches.  I  repeat  the  illustration  in 
Fig.  53. 

The  two  points  for  the  frontal  lobe  (F,  and  F,) 
are  situated  vertically  above  the  middle  of  the  supra- 
orbital  border  at  a  distance  of  4  and  8  cm.  from  the 
latter  respectively. 

Three  points  are  designated  for  the  central  convo- 
lution (C,C,C,).  Next  the  course  of  the  sulcus 
centralis  according  to  Kroenlein,  or  with  the  aid  of 
Kocher 's  kyrtometer,  that  of  the  sulcus  praecen- 
tralis  are  determined,  which  indicate  the  course  of 
the  anterior  branch  of  the  middle  meningeal  artery. 
The  posterior  branch  of  this  artery  corresponds 
(according  to  Pfeifer)  quite  closely  to  the  linea  naso- 
lambdoidea.  As  the  anterior  central  convolution  is 
18  to  20  mm.  in  breadth,  I  keep  about  1  cm.  away 
from  either  central  line.  C,  corresponds  to  the  focus 

1  Ueber  explorative  Ilirnpunction  naeh  Schaedelbohrung  zur  Diagnose  von 
Hirntumoren.  Ar.-hiv  t'uer  Psychiatric.  Hd.  XI/II,  Heft  2.  Habilitaiinns- 
schrtft,  1907,  und  Jahrbuecher  juer  Psychiatric  und  Neurologic,  Bd.  XXVIII, 
1907. 
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J" 


Kocher's  Craniometer  lines 

page  (22.5) 

(J)  Neuter-Pollack  Abscess  points 

_  Puncture  |>oints  for  various 

™  brain  lobes 

Cut  taken  from  Neisser  and  Pollack.  Die  Hirnpunction.  Mitteilungen  aus 
den  Grenzgebieten,  1904,  p.  823.  In  the  scheme  for  determining  the  Cranio- 
cerebral  To|«>graphy  (after  Poirier-Kocher)  the  Nasser-Pollack  puncture  [joints 

are  added. 
S  —  Scheitelpunkt  =  Midway  between  N  (root  of  nose)  and  0  (external 

occipital  protuberance). 
Nl'HO  =  .l-kiuato-'Hl  or  base  line. 
.Y.S'O  =  Sagittal  lueridian. 

Sfr  —    Anterior  oblique  meridian,  Prtecentral  line. 
SH  —  Posterior  oblique  meridian,  Lin"a  lin>itans. 

\L  =  Linea  naso-lambdoidea,  between  8V  and  SH,  called  linea  temporalia 
I  by  Kochtf 

o.D  =  upi>er  )   "  Third-points  "  of  pracentral  fissure. 
«.  D  =  lower  ( 
PM  =  Tip  of  mastoid  process. 
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for  the  lower  extremity,  C,  to  that  of  the  upper  ex- 
tremity, and  (\  to  the  face  area.  No  puncture  must 
be  made  lower  than  C,,  to  avoid  injury  to  the  fissure 
of  Sylvius  with  its  artery.  Broca's  convolution  is 
located  in  the  blunt  angle  made  by  the  anterior 
oblique  meridian  (S  V)  and  the  linea  lambdoidea 
(NL). 

To  puncture  the  parietal  and  occipital  lobes  a 
point  corresponding  to  their  center  (I*  and  Occ.)  is 
selected  for  the  purpose.  The  lateral  ventricle  is 
reached  on  both  sides  at  a  depth  of  3  cm.  from  the 
surface  of  the  brain. 

The  two  points  for  the  temporal  lobe  are  T,  and 
Tf.  The  first  lies  1  to  1|  cm.  above  the  origin  of  the 
external  ear  and  corresponds  to  the  center  of  the  lobe ; 
the  other  (T,)  is  found  on  the  upper  horizontal  line 
(not  the  German  horizontal  line:  Fig.  45),  about 
1.5  cm.  in  front  of  the  first.  At  this  point  the  lower 
horn  of  the  ventricle  may  be  reached  at  a  depth  of 
3  cm.  from  the  cortex. 

The  cerebellum  is  punctured  at  a  point  correspond- 
ing to  the  middle  of  a  line  drawn  from  the  external 
occipital  protuberance  (O)  to  the  tip  of  the  mastoid 
process  (P  M). 

For  the  purpose  of 

Puncturing  Brain  Abcess  Located  in 
Typical  Situations 

Neisser  and   Pollack  submit   the  following   points: 

Point  T,,  for  the  temporal  abscess,  lies  \  to  |  cm. 

vertically  over  the  origin  of  the  external  ear.     As  this 

is  also  the  point  at  which  the  inferior  horn  of  the 
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lateral  ventricle  is  reached,  the  needle  must  be  very 
slowly  and  cautiously  advanced,  at  the  same  time 
making  suction  with  the  syringe.  In  large  ab- 
scesses the  puncture  points  (T,  and  TJ  may  be 
used. 

For  the  purpose  of  reaching  cerebellar  abscess  of 
otitic  origin,  the  best  point  is  K,  which,  as  already 
stated,  is  located  midway  between  K,  and  K3.  The 
latter  point  is  located  at  the  most  posterior  palpable 
point  of  the  mastoid  process.  Point  Ka  corresponds 
to  the  angle  formed  by  the  sigmoid  sinus,  but  is  suffi- 
ciently far  removed  from  its  knee  to  avoid  its  being 
invaded.  The  puncture  must  be  made  vertically  to 
the  plane  of  the  bone.  This  precaution  applies  also 
to  points  K,,  in  puncture  of  the  cerebellum,  but  not 
to  K,.  At  the  latter  situation  the  canula  is  directed 
slightly  downward  and  forward,  toward  the  face  and 
base  of  the  skull.  In  this  way  the  bend  of  the  sig- 
moid sinus  is  traversed,  and  the  lateral  anterior  por- 
tion of  the  cerebellum  is  invaded.  Large  abscesses 
may  be  reached  from  K,. 

Abscesses  of  nasal  origin  are  punctured  from  F,, 
however,  as  the  anterior  pole  of  the  frontal  lobe  is 
located  medianly  at  F,,  and  somewhat  below  F, ;  this 
point  would  be  the  most  rational  one  to  puncture 
were  it  not  for  the  danger  of  traversing  the  frontal 
sinus  in  the  event  of  the  sinus  being  unusually  large. 
A  second  bony  resistance  to  the  entering  needle 
would  mean  that  the  sinus  had  been  entered. 

All  other  abscesses  located  in  the  medullary  por- 
tion of  the  brain  are  reached  through  the  puncture 
points  indicated  with  regard  to  the  respective  lobes. 
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;uv  the  result  of  injury  to  the  branches  of  the  middle 
nieningeal  artery  when  puncture  is  made  at  the 
points  indicated  by  Kroeulcin  (15  and  K,,  Fig.  45). 
To  avoid  involvement  of  these  vessels  the  drill  should 
puncture  the  skull  a  little  posterior  to  these  points. 
Heinatoma  of  the  posterior  cranial  fossa,  which  is 
rare,  may  be  reached  from  the  Neisscr  point  K,. 

The  recorded  clinical  experiences  of  Neisser  and 
Pollack  have  led  to  conclusions  which  were  not  ob- 
tainable in  any  other  way.  Their  positive  conclu- 
sions are  based  (hydrocephalus  internus  excluded)  on 
intracranial  hemorrhage,  and  their  resultant  residue 
(hematoidin)  on  the  contents  of  cysts,  pus  and  sero- 
purulent  exudates,  also  regarding  pathological  tissue 
removed  by  aspiration  (necrotic  brain  tissue  and  par- 
ticles of  tumors)  and  lastly  on  a  case  of  bloody  o?dema 
of  the  pia  in  the  course  of  a  syphilitic  leptomeningitis. 
In  some  instances  negative  findings  caused  a  change 
of  diagnosis,  which  previously  pointed  to  abscess  or 
tumor  of  the  brain.  Menacing  symptoms  which 
might  properly  have  been  regarded  as  the  outcome 
of  the  procedure  never  presented  in  the  138  punctures 
made  on  36  patients  by  the  two  observers  mentioned. 

For  the  diagnosis  of  cerebellar  cysts,  brain  punc- 
ture has  been  employed  by  Lichtheim1  in  two  cases, 
and  H.  Scholz*  regards  the  measure  of  determining 
import  as  to  the  location  of  the  side  involved.  If  the 
cysts  be  small  and  unfavorably  located  the  measure 

1  Deutsche  medizinieche  W 'ochenschrifl,  1905.     No.  28. 

2  Ueber  Kleinhirncysten.     Grenzgebiete  der  Medizin  und  Chirurgie,  Bd.  XVI, 
1906.   p.   759. 
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may  not  avail;  again  in  a  case,  in  the  same  clinic, 
puncture  led  to  a  diagnosis  of  cerebellar  cystic  tumor 
which  proved  to  be  erroneous. 

In  my  earlier  cases  I  employed  brain  puncture 
only  when  the  dura  or  the  brain  itself  was  exposed. 
The  method  is  of  signal  service  in  all  cases  where  the 
pathological  process  lies  beneath  the  cortex  and  is 
not  visible  to  the  eye.  The  chapter  on  page  96  may 
be  consulted  in  this  connection.  Subsequent  to  the 
publication  of  the  work  of  Neisser  and  Pollack  I 
have  made  punctures  through  the  intact  skull,  and 
as  the  outcome  of  examination  of  the  aspirated  brain 
cylinders  (which  varied  in  accord  with  the  diameter 
of  the  canula  up  to  1.5  cm.)  been  enabled  not  only 
to  diagnosticate  the  presence  of  neoplasms,  but  have 
in  addition  been  able  to  determine  their  histological 
character.  My  assistant,  Dr.  Emit  Hermann,  has,  in 
numerous  instances,  subjected  freshly  obtained  speci- 
mens, prepared  by  teasing,  paraffin  imbedding  and 
series  sectioning,  to  examination  and  determined  the 
location  where  the  pathological  process  merged  into 
the  normal  brain  substance. 

For  the  purpose  of  brain  puncture  it  is  important 
to  determine  the  thickness  of  the  total  brain  cover- 
ings, the  scalp  and  the  breadth  of  the  space  filled  with 
cerebrospinal  fluid.  It  is  also  to  be  borne  in  mind 
that  the  thickness  of  the  skull  varies  not  alone  in 
various  situations  but  also  in  accord  with  age,  sex 
and  the  individual.  The  scalp,  calvarium  and  brain 
membranes  average  in  the  adult  between  1J  and  2 
cm.  In  the  temporal  region  the  skull  is  considera- 
bly thinner;  however,  the  temporal  muscle  with  its 
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fascia!  and  intrrfascial  fat  forms  a  portion  of  the 
covering  in  this  situation.  In  the  frontal  region  the 
varying  extent  of  the  frontal  sinus  must  be  considered. 
I  have  seen  it  reach  to  the  temporal  region  in  two 
cases,  and  opened  it  during  the  approach  to  the 
ganglion  of  Gasser.  Beneath  the  external  occipital 
protuberance  the  thick  muscles  of  the  neck  must  be 
taken  into  account  when  puncturing  the  cerebellum. 
The  bone  is  particularly  thick  over  the  posterior  fossa 
immediately  above  the  linea  nuchae  superior.  In 
introducing  the  canula  these  general  facts  should  be 
borne  in  mind.  Disappearance  of  resistance  means 
that  the  coverings  of  the  skull  have  been  penetrated 
and  subsequent  advance  should  be  made  under  close 
scrutiny  of  the  graduated  canula,  the  scale  acting  as 
a  guide  to  the  depth  of  penetration. 

In  a  general  way  it  may  be  said  that  puncture  of 
the  calvarium  at  its  various  portions  is  not  attended 
with  especial  difficulty,  as  the  soft  parts  are  compara- 
tively thin.  In  the  temporal  region  the  thick  mus- 
cular tissue  offers  some  hindrance  inasmuch  as  the 
canula  does  not  reach  so  directly  the  bone.  In  one 
instance  while  exploring  the  cerebellum  at  the 
Neisser  point  1,  in  the  case  of  a  woman  (aged  twenty- 
eight)  who  had  an  inordinately  thick  neck,  the  layers 
of  fat  prevented  my  locating  the  drill  hole  for  the 
purpose  of  introducing  the  canula.  As  we  regarded 
the  puncture  as  essential  the  patient  was  narcotized 
with  chloroform  and  the  scalp  incised,  the  periosteum 
pushed  aside  and  the  dura  exposed  with  the  burr. 
The  puncture  was  then  made  through  the  exposed 
dura. 
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I  follow  the  latter  method  at  all  places  where  there 
is  danger  of  injuring  a  sinus.  In  the  case  of  a  man 
afflicted  with  hemianopsia,  whose  case  was  regarded 
as  a  possible  traumatic  hematoma,  I  punctured  the 
pole  of  the  occipital  lobe  in  the  neighborhood  of  the 
transverse  and  longitudinal  sinuses.  In  this  instance 
I  exposed  with  a  15  mm.  burr  the  dura  and  the  upper 
edge  of  the  transverse  sinus  and  then  punctured  with 
the  canula. 

As  far  as  the  technique  is  concerned  I  under- 
take, in  most  cases,  the  puncture  without  narcosis, 
and  after  the  scalp  has  been  thoroughly  prepared. 
For  the  purpose  of  anesthesia  of  the  soft  parts  I 
employ  either  the  chlor-ether  spray  or  inject  subcu- 


Fig.  54 

taneously  a  solution  of  \  per  cent,  novococain  and 
12  drops  of  1-1000  adrenalin  to  100  cm3,  of  water. 
Without  incising  the  scalp  a  2  mm.  drill  (Fig.  54)  is 
made  to  penetrate  the  skull  and  bored  through  the 
skull,  taking  cognizance  of  when  the  diploea  and  the 
laminae  vitrae  are  reached.  I  use  for  the  purpose 
the  same  hand  drill  I  use  for  trephining.  To  con- 
serve speed  and  yet  not  injure  the  brain,  I  attach  to 
the  drill,  1  to  1|  cm.  above  its  point,  a  metal  shoulder 
which  prevents  the  point  from  engaging  beyond  this 
guard.  The  drill  is  then  withdrawn,  and  while  its 
point  is  still  in  the  skin  or  while  an  assistant  presses 
firmly  the  surrounding  soft  tissues  against  the  skull, 
the  graduated  canula  is  introduced.  In  some  cases 
I  displace  the  skin  slightly  so  as  not  to  have  the 
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\\oimd  on  the  surface  correspond  to  the  place  of 
penetration  of  the  skull.  The  depth  to  which  the 
needle  (which  is,  of  course,  furnished  with  an  obtu- 
raton  is  made  to  penetrate  depends  upon  the  purpose 
for  which  it  is  introduced.  I  employ  canula>  which 
are  slightly  oblique  at  their  ends,  are  about  1.8  mm. 
in  transverse  diameter,  and  have  an  exceedingly  thin 
wall,  so  as  to  remove  brain  cylinders  of  sufficient  size 
to  permit  of  satisfactory  microscopical  examination. 
At  first  I  introduce  the  canula  alone  to  determine  the 
presence  of  fluid.  If  none  appears  I  aspirate. 
Pfeifer  recommends  for  the  purpose  needles  of 
platino-iridium,  as  they  do  not  rust. 

Aspiration  is  most  readily  achieved  with  the  Record 
syringe,  which  has  a  metal  piston.  I  use  the  smaller 
one  (1  cm3.)  which  is  easily  handled,  but  also  use 
barrels  which  hold  up  to  10  cm3.  With  the  smaller 
size  the  syringe  barrel  must  be  disconnected  and  re- 
applied  in  order  to  get  a  cylinder  of  sufficient  size  for 
the  purpose.  With  the  large  size  a  single  suction 
with  the  piston  suffices. 

As  the  resistance  is  considerable  an  assistant 
steadies  the  instrument  while  suction  is  being  made. 
Despite  all  precautions  a  cylinder  is  not  always 
obtained  by  a  single  aspiration,  irrespective  of  the 
size  of  the  syringe  employed.  In  these  cases  the 
syringe,  together  with  the  canula,  is  withdrawn  from 
the  brain,  and  as  a  rule  the  cylinder  follows  the 
needle.  To  remove  the  cylinder  from  the  needle  the 
piston  is  slowly  pushed  down  and  the  specimen 
expelled  into  a  sterile  salt  solution. 

When  several  days,  or  perhaps  weeks,  after  punc- 
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ture  the  dura  is  opened  and  the  site  of  puncture 
inspected,  it  will  be  found  to  present  a  tiny  blood 
coagulum  covering  a  slit-like  opening  in  the  brain. 
At  times  a  few  small  splinters  of  bone,  the  result  of 
the  drilling,  will  be  found  resting  on  the  dura. 

As  illustrative  of  the  conditions  I  offer  the  follow- 
ing example,  which  is  more  extensively  gone  into  in 
the  clinical  history.  (Observation  III,  4.)  After 
locating  the  left  anterior  central  convolution  by  the 
combined  Kroenlein  and  Kocher  methods,  the  soft 
parts  were  anesthesized  with  aethelchlorid  and  the 
skull  perforated  with  the  drill  over  the  leg  center  (1). 
As  the  canula  reached  a  depth  of  2  cm.  from  the  skin 
a  considerable  quantity  of  dark  venous  blood  was 
discharged.  The  syringe  was  now  affixed  and  suc- 
tion made,  withdrawing  some  additional  reddish- 
black  blood  mixed  with  a  few  glassy  soft  particles. 
Microscopical  examination  of  the  fresh  specimen 
revealed  closely  conglomerated  cells  with  large  clearly 
defined  nuclei.  There  was  no  interstitial  tissue  be- 
tween the  cells,  though  a  few  cells  contained  fine  cap- 
illaries filled  with  blood.  The  diagnosis  of  large, 
round-celled  sarcoma  was  made.  It  was  not  feasible 
to  withdraw  a  cylinder. 

In  order  to  invade  a  deeper  area  the  canula  wras 
advanced  an  additional  f  cm.,  burying  it  to  the  total 
depth  of  1^  cm.  in  the  brain.  Aspiration  withdrew 
only  blood  from  this  situation,  which  meant  that  the 
deeper  puncture  had  extended  beyond  the  tumor. 
This  act  has  the  objection  of  being  capable  of  cany- 
ing  portions  of  the  tumor  into  normal  tissue. 

A  second  puncture  was  made  in  the  arm  center  (2). 
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The  canula  was  at  once  pushed  to  the  depth  of  3  cm. 
and  aspiration  made.  The  microscopical  findings 
\\ere  essentially  similar  to  those  obtained  from  the 
first  specimen:  sarcoma  cells,  a  few  bundles  of  inter- 
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Prsecentral  fissure  with  the  two  "  third-points."      Central  Fissure. 

According  to  Kocher's  kyrtometer.    .    .    .    According  to  Kroenlein. 

D  and  2  Krister's  puncture  points  in  the  anterior  central  convolution. 
1  Leg  center.      2  Arm  center. 

stitial   tissue   and   several   small   particles   of  yellow 
blood  pigment. 

The  first  stage  of  the  operation  was  performed 
immediately  subsequent  to  the  exploratory  punctures. 
The  tumor  had  extended  to  the  dura  to  which  it  was 
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attached  over  a  small  area,  and  had  caused  consider- 
able changes  in  the  lamina  vitra,  necessitating 
removal  of  the  bone.  The  first  drill  opening  had  hit 
the  lower  edge  of  the  tumor,  and  for  this  reason  only 
the  superficial  portion  of  the  aspirated  specimen  con- 
tained tumor  particles  and  the  deeper  parts  gave  no 
evidence  of  pathological  process.  As  shown,  when 
sixteen  days  later  extirpation  of  the  tumor  was  per- 
formed, the  second  puncture  had  entered  the  middle 
of  the  large  growth.  This  puncture  opening  was 
located  1  cm.  behind  the  anterior  branch  of  the  mid- 
dle meningeal  artery.  The  grooves  of  this  vessel 
were  plainly  visible  on  the  lamina  vitra.  The  two 
drill  holes  in  the  dura  had  not  caused  any  alteration 
in  the  contiguous  tissues.  The  dark  venous  blood 
which  was  discharged  from  the  puncture  openings 
came  from  the  veins  of  the  dura  mater,  which  were 
adherent  at  this  point  to  the  tumor.  At  the  trephine 
operation  there  was  considerable  venous  bleeding 
from  the  cortex.  This  occurrence  leads  to  discussion 
of  the 

Danger  of  Bleeding 

when  brain  puncture  is  made.  The  branches  of  the 
middle  meningeal  artery,  the  most  of  the  arteries  of 
the  brain  and  the  large  sinuses  are  quite  readily 
avoided,  as  they  usually  follow  a  certain  definite 
course.  Any  one  who  has  frequently  exposed  the 
brain  will  admit  that  the  veins  of  the  pia  are  not 
susceptible  to  being  standardized  in  the  same  way. 
At  times  very  large  veins  occupy  unimportant  shal- 
low fissures,  and  the  central  sulcus  may  be  occupied 
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l>v  very  thin  vessels.  Besides  this  they  have  only  two 
coats  and  are  easily  injured.  In  the  normal  brain, 
with  no  increase  of  intracranial  pressure,  they  are  of 
course  of  small  diameter,  but  when  the  brain  pres- 
sure is  increased  they  swell  up  to  a  considerable 
extent,  and  their  injury  becomes  a  matter  of  some 
import.  The  thinnest  of  canuke  would  not  offer  any 
safeguard  in  this  regard.  I  have  seen  the  veins  of 
the  dura  dilated  to  the  diameter  of  a  medium-sized 
lead  pencil  in  cases  of  brain  tumor.  Also  growing 
tumors  displace  the  veins  and  arteries  to  so  great  an 
extent  as  to  make  anatomical  localization  impossible. 
The  writer  has  several  times  experienced  disturbing 
bleeding  in  making  brain  punctures. 

In  one  case,  in  which  the  posterior  portion  of  the 
fissure  of  Sylvius  was  exposed,  the  puncture  was  ac- 
companied by  a  sharp  arterial  hemorrhage,  evidently 
from  an  anomalous  branch  of  the  artery  of  the  fossa 
of  Sylvius.  If  this  accident  occurs  when  the  brain 
is  exposed  and  all  precautions  are  taken,  it  will  more 
likely  obtain  when  the  puncture  is  made  through  the 
intact  calvarium.  In  this  instance  as  search  was 
being  made  for  fluid  and  no  attempt  to  extract  a 
brain  cylinder  was  contemplated,  a  small  needle  only 
1  mm.  in  thickness  was  employed. 

In  another  case,  that  of  a  man  (aged  thirty)  who 
was  afflicted  with  suppurative  otitis  media  following 
influenza,  and  who  ultimately  died  of  suppurative 
meningitis,  brain  abscess  was  suspected,  and  I  made 
several  exploratory  punctures,  employing  a  1.2  mm. 
needle  for  the  purpose.  In  this  connection  it  is 
of  importance  to  state  that  because  of  a  left  hemi- 
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plegia  I  drilled  through  the  skull  over  the  right  pos- 
terior central  convolution  at  its  middle.  A  sharp 
arterial  bleeding  occurred.  The  soft  parts  were  at 
once  incised,  and  the  drill  hole  enlarged  with  a  large 
spherical  burr.  When  the  dura  was  exposed  it  was 
found  that  a  medium  sized  artery  had  been  invaded 
by  the  drill.  The  bleeding  was  controlled  by  encir- 
cling the  vessel  with  a  ligature  passed  with  a  needle. 
At  the  autopsy  considerable  difference  in  color  of  the 
two  cerebral  hemispheres  was  apparent.  When  the 
skull  was  removed  the  right  was  dark  blue;  the  left 
greenish  white.  When  the  dura  was  removed  the 
right  hemisphere,  especially  at  its  posterior  aspect, 
was  covered  with  a  thin  layer  of  coagulated  blood 
several  mm.  in  thickness,  which  was  readily  removed. 
The  puncture  at  the  base  of  the  posterior  central 
convolution  had  involved  an  end  branch  of  the  middle 
meningeal  artery,  as  was  recognized  by  the  hole  in 
the  dura.  The  brain  at  this  situation  was  slightly 
infiltrated  with  blood.  On  the  whole  it  was  fair  to 
assume  that  the  subdural  hemorrhage  was  the  out- 
come of  the  puncture. 

It  is  also  to  be  feared  that  aspiration  subsequent 
to  puncture  may,  especially  in  cases  with  diseased 
blood-vessels,  lead  to  dangerous  bleeding  which  may 
invade  the  ventricle. 

It  seems  to  me  that  the  greatest  danger  in  puncture 
attends  cases  of  angioma  racemosum  venosum.  Con- 
sidering the  proposition  from  the  viewpoint  of  the 
case  reported  on  page  87,  it  is  easy  to  see  how  each 
puncture  would  have  invaded  one  of  the  thin-walled 
veins  which  were  as  large  as  the  finger,  giving  rise  to 


•_'K'>  TIIK  SriUJKHY  OF  THK  BRAIN 

so  violent  a  hemorrhage  into  the  arachnoid  space  that 
the  patient  would  have  been  in  imminent  danger  of 
death  despite  the  fact  that  he  was  on  the  operating 
table,  and  a  rapid  trephine  opening  for  the  purpose 
of  arresting  the  bleeding  could  have  been  performed. 
Even  the  encircling  of  the  approaching  veins  at  the 
time  of  the  operation,  though  carefully  executed  under 
the  eye  with  a  curved  round  needle,  was  attended 
with  portentous  bleeding  which  required  prolonged 
compression  before  it  was  controlled. 

A  diagnosis  before  the  operation  was  impossible. 
Indeed,  one  authority  wTho  saw  the  case  had  recom- 
mended employment  of  the  Neisser  puncture  a  short 
time  before  the  operation  was  done.     I  had  formed 
certain  conclusions   regarding  the  case  beyond   the 
Jacksonian  epilepsy.     The  progressive  involvement 
of  the  anterior  central  convolution  and  subsequently 
the  posterior  central  convolution  led  me  to  believe 
that  the  process  was  one  of  a  growing  tumor  or  cyst. 
I  had  discussed  the  problem  with  the  attending  phy- 
sician   (who   was    related   to   the   patient)    and   had 
mentioned  the  possibility  of  the  existence  of  angioma 
just  before  the  operation,  as  a  short  time  previously 
one  of  our  best  surgeons  had  lost  a  patient  on  the 
table   from   hemorrhage,   the   result   of   injury   to   a 
large  blood-vessel,  in  just  such  a  case.     However, 
the  question  was  one  of  probabilities  and  no  more. 
Of  course   angiomata  of   this   sort   are   exceedingly 
rare ;  however,  this  fact  does  not  excuse  employment 
of  a  dangerous  measure. 

Pursuant  to  the  symptoms  the  Neisser  puncture 
would  have  had  to  be  made  in  the  arm  center  of  the 
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anterior  central  convolution,  for  the  convulsions  be- 
gan in  this  limb.  At  precisely  this  point  the  punc- 
ture would  certainly  have  invaded  the  smaller  con- 
volute, and  probably  one  of  the  larger  veins,  and  it 
would  have  been  a  fortunate  circumstance  which  one 
would  not  have  a  right  to  expect  had  the  needle  not 
injured  some  vessel  in  this  labyrinth  of  dilated  veins. 
(Plate  VIII.)  Injury  to  even  a  small  vein  would 
have  caused  a  diffuse  infiltration  of  the  meshes  of  the 
arachnoid,  so  that  even  under  the  most  fortunate 
conditions  the  field  exposed  by  the  trephine  operation 
would,  at  least,  have  been  effectually  obscured. 

The  Danger  of  Infection 

must  not  be  disregarded.  Of  course,  the  danger  of 
infection  from  without  can  be  avoided,  but  this  does 
not  apply  to  menace  in  this  regard  from  within  the 
cranial  cavity.  I  illustrate  this  in  the  following  way. 
(Observation  V,  1.)  H.  Oppenheim  had  sent  me  the 
case  with  the  diagnosis  of  tumor  in  the  parietal  region, 
which,  indeed,  was  true,  the  condition  being  that  of 
a  solitary  tubercle  which  had  undergone  purulent 
liquefaction  in  two  places.  Puncture,  which  was  not 
made  because  of  the  certainty  of  the  diagnosis,  would 
have  opened  the  pus  areas,  as  they  were  only  covered 
by  a  thin  layer  of  cortical  substance  close  to  the  free 
non-adherent  arachnoid.  At  the  operation  it  devel- 
oped that  the  pus  was  under  considerable  pressure, 
so  that  the  puncture,  which  was  made  after  the  cortex 
was  exposed,  caused  the  pus  to  ooze  out  beside  it. 
This  would  have  occurred  had  the  puncture  been 
made  through  the  intact  skull.  It  is  true  the  pus 
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\\a>  nut  x-ptic  and  did  not  contain  any  staphylo-or 
streptococci  but  was  thoroughly  infested  with  tuber- 
cle bacilli  constituting  a  pure  culture  of  this  bacte- 
rium. It  may  be  regarded  as  a  serious  matter  to 
permit  of  the  invasion  of  these  infection-producing 
bodies  in  considerable  quantity  into  the  meshes  of 
the  arachnoid.  The  only  .protection  against  this 
contingency  would  have  been  an  immediate  tre- 
phining. 

In  cases  of  suspected  brain  abscess  it  is  my  universal 
practice  not  to  puncture  the  brain  until  the  dural  flap 
is  widely  fashioned  and  turned  aside.  I  then  pack 
around  in  the  space  between  the  dura  and  the  brain 
surface  with  iodoform  or  vioform  gauze  strips 
(page  104). 

Beside  infection  with  pus  the  possibility  of  convey- 
ing particles  of  tumors  into  the  contiguous  normal 
brain  substance  as  the  outcome  of  pushing  the  explor- 
ing canula  beyond  the  limits  of  the  diseased  area,  is 
to  be  taken  into  consideration.  This  .may  generally 
be  avoided  by  proceeding  by  the  "layer"  method  of 
Neuter. 

There  are,  however, 

Additional  Disagreeable  Occurrences 

which  may  be  the  outcome  of  brain  puncture,  as  is 
illustrated  in  the  following  manner.  The  patient 
(aged  twenty-nine)  was  sent  to  me  by  H.  Oppenheim 
with  a  diagnosis  of  a  tumor  in  the  left  central  region. 
This  area  was  punctured  under  chloroform  narcosis 
in  four  places,  using  a  15  mm.  (wide)  canula  for  the 
purpose.  The  first  puncture  was  made  at  the  left 
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anterior  central  convolution  1  cm.  in  front  of  the  li  — 
sure  of  Rolando,  3  cm.  below  the  sagittal  line.  Under 
normal  conditions  the  longitudinal  sinus  did  not  re- 
quire consideration ;  however,  a  forcible  venous  hem 
orrhage  occurred  which  was  projected  from  the  wound 
in  pulsating  form.  The  canula  had  penetrated  2  cm. 
beneath  the  surface,  that  is,  as  the  skull  coverings 
were  l\  cm.  in  thickness,  was  buried  |  cm.  in  the 
brain.  Compression  arrested  the  bleeding.  Two 
more  punctures  in  the  anterior  and  another  in  the 
posterior  central  convolutions  did  not  provoke  any 
bleeding.  The  brain  cylinders  did  not  reveal  any- 
thing determining  upon  microscopical  examination. 
In  a  few  of  the  specimens  from  the  anterior  central 
convolution  there  was  an  unusual  amount  of  fine 
fibrilar  network  which  aroused  suspicion  of  fibro- 
glionia. 

At  termination  of  the  narcosis  the  patient's  general 
condition  was  unfavorable,  headache  and  restlessness 
obtained  until  night,  though  the  pulse  rate  did  not 
materially  increase  nor  did  it  give  evidence  of  in- 
crease of  pressure.  The  sensory  aphasia  which  had 
existed  before  the  punctures  was  manifestly  increased. 
Understanding  of  spoken  language  was  difficult  but 
not  absent.  These  disturbances  receded  in  five 
days  to  about  the  conditions  present  before  the  punc- 
tures were  made.  The  paresis  of  the  right  arm, 
which  had  become  a  complete  paralysis,  immediately 
subsequent  to  the  puncturing,  improved  slowly,  but 
at  the  end  of  ten  days  was  still  more  marked  than  it 
had  been  before  the  punctures  were  undertaken. 
Also  the  reflexes  had  become  more  involved  and 
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slowly  returned  to  the  same  condition  as  had  obtained 
l.rt'ore  the  punctures  were  made. 

As  these  disturbances  did  not  recede  until  after 
five  days  or  later,  and  occurred  on  the  side  opposite 
to  where  the  punctures  were  made,  it  is  difficult  to 
trace  any  other  causative  relationship  than  the, 
obvious  one.  After  the  extensive  trephine  operation 
undertaken  twelve  days  later,  the  patient  was  not  so 
severely  taxed  as  he  was  after  the  brain  punctures, 
and  again  the  disturbances  of  nerve  centers  occa- 
sioned by  this  operation  were  overcome  at  the  end 
of  the  third  day  following  the  trephining.  As  the 
patient  had  been  subjected  a  year  earlier  to  the  tre- 
phine operation  at  her  home  without  formation  of  a 
dural  flap,  it  was  only  necessary  to  incise  around  the 
original  flap  and  turn  it  down.  This  revealed  the 
presence  of  a  tumor  half  the  size  of  a  chestnut  situated 
at  the  inferior  posterior  angle  of  the  wound.  Later 
this  proved  to  have  perforated  the  dura  and  pro- 
truded beyond  the  convexity  of  the  brain.  The  dura 
was  covered  with  small  areas  of  blood  residue. 
Black  blood  oozed  from  the  prolapse.  An  incision 
carried  parallel  to  the  sinus  opened  a  cavity  the  size 
of  a  walnut  which  was  filled  with  dark  blood.  As 
further  investigation  revealed  the  presence  of  a 
widely  disseminated  diffuse  glioma,  extirpation  was 
not  attempted.  The  patient  was  discharged  with  the 
wound  healed  and  the  general  condition  much  im- 
proved. 

I  have  felt  it  my  duty  to  call  attention  to  the  dan- 
gers of  brain  puncture,  not  with  the  view  of  con- 
demning it,  but  to  warn  against  its  indiscriminate 
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and  planless  employment.  Also  I  am  too  great  an 
opponent  to  unjustified  exploratory  puncture  as  ap- 
plied to  other  portions  of  the  body  not  to  be  of  firmer 
conviction  in  this  respect  when  dealing  with  so  vul- 
nerable an  organ  as  the  brain.  My  intention  is  to 
see  that  the  application  of  a  measure  which  is  scien- 
tifically correct  and  of  great  service  as  a  means  of 
diagnosis  does  not  fall  into  disrepute.  One  must 
admit  that  brain  puncture,  as  indicated  by  Neisser 
and  Pollack,  may  be  properly  regarded  as  an  im- 
portant factor  in  arriving  at  a  diagnosis.  It  should, 
however,  only  be  employed  when  all  other  diagnostic 
measures  have  been  used.  At  times  in  this  way  im- 
portant conclusions  with  regard  to  the  location, 
extent  and  character  of  pathological  processes  are 
obtained.  Especially  useful  is  the  measure  when  the 
characteristic  symptoms  of  brain  tumor  are  not 
clearly  manifest.  At  times  the  localization  is  only 
determined  in  this  way  when  intracranial  pressure 
obscures  the  diagnosis  as  between  involvement  of 
the  cerebrum  and  cerebellum,  a  doubt  which  unfor- 
tunately arises  at  times.  //.  Oppenheim  has  called 
attention  to  the  fact  that  in  hemianopsia  only  brain 
puncture  can  determine  whether  the  diseased  focus 
is  in  the  temporal,  occipital  or  parietal  lobes.  In 
any  event  the  experienced  diagnostician  who,  in 
many  instances,  is  able  to  localize  with  certainty  a 
tumor,  will  more  frequently  disregard  brain  puncture 
than  those  who  have  not  had  the  same  opportunities 
in  this  connection. 

In  order  to  meet  the  dangers  with  as  much  hope 
of  success  as  is  possible,  brain  puncture  should  never 
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be  undertaken  unless  ample  preparation  for  imme- 
diate trephining  has  been  made,  so  that  the  indications 
for  measures  of  relief  may  be  promptly  met. 

Ventricular  Puncture  and  Ventricular 
Drainage 

The 

Anatomical  Situation  of  the  Lateral  Ventricle 

must  be  accurately  determined  before  puncture  is 
undertaken.  This  is  shown  in  Fig.  56,  according 
to  Ttume.  The  legend  explains  the  illustration. 
Beside  this  the  results  of  Poirier's  investigations  are 
added.  The  vertical  extent  of  the  ventricle  is  indi- 
cated by  two  horizontal  lines  drawn  5  cm.  and  2  cm. 
above  the  zygoma  respectively.  The  deepest  point 
in  the  latter  level  corresponds  to  the  inferior  horn. 
Of  the  two  frontal  levels  which  indicate  the  limits  of 
the  ventricle,  one  is  drawn  vertically  at  the  junction 
of  the  anterior  and  middle  thirds  of  the  zygoma  and 
corresponds  to  the  anterior  end  of  the  anterior  horn, 
which  is  located  6  to  7  cm.  behind  the  skin  of  the 
forehead.  The  other  vertical  level  falls  5  cm.  behind 
the  point  of  the  mastoid  process,  and  indicates  the 
point  of  the  posterior  horn  which  is  opposite  a  point 

4  cm.  in  front  of  the  posterior  aspect  of  the  scalp. 
Laterally  from  the  scalp  the  anterior  horn  is  located 

5  cm.  and  the  posterior  horn  4  cm.  from  the  scalp. 
The  last  two  measurements  are  regarded  by  Waldeyer 
as  being  actually  12  mm.  less  than  here  indicated. 
The  inferior  horn  is,  as  obtains  in  regard  to  the  pos- 
terior horn,  located  4  cm.  from  the  outer  surface  of 
the  scalp. 
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PUNCT.  RotflNOICVM  SUP.  BR£GMA 


Fig.  56 

Island  ofReil.  The  punctum  Sylvii  indicates  the  pole  of  the  island, 
its  posterior  end  corresponds  to  a  point  on  the  linea  Sylviana,  35  mm.  be- 
hind the  punctum.  The  location  of  the  island  is  indicated  by  the  shaded 
lines,  which  also  constitute  a  guide  to  the  situation  of  the  basal  ganglia, 
the  latter  extending  but  little  beyond  the  borders  of  the  island,  about  to 
the  outer  borders  of  the  lateral  ventricle.  The  lateral  ventricle  is  outlined 
by  the  dotted  line.  Its  three  horns  (cornu  anterius  C.  a,  posterius  C.  p, 
inferius  C.  i,)  are  also  shown. 

The  fissures  of  Rolando  and  Sylvius  are  indicated  by  broken  lines.  - 
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For  the  purpose  of 

Puncturing  the  Lateral  Ventricle 

T.  A'oc/jer'prefers  to  invade  the  cavity  in  the  sagittal 
level  at  a  point  which  corresponds  to  this  direction. 
His  experience  causes  him  to  regard  the  most  favora- 
ble puncture  point  to  be  in  front  of  the  bregma,  that  is, 
at  the  intersection  of  the  sagittal  and  coronal  sutures 
He  punctures  at  a  point  2  cm.  (on  account  of  the  longi- 
tudinal sinus  3  cm.  is  better)  lateral  from  the  median 
line,  directing  the  instrument  downward  and  back- 
ward and  at  the  depth  of  5  to  6  cm.  reaches  the  dis- 
tended ventricle.  Kocher  also  makes  drainage  in 
this  way.  It  is  his  opinion  that  injury  to  the  opposite 
ventricle  is  best  guarded  against  if  the  tube  is  only 
pushed  into  the  upper  portion  of  the  cavity  and  its 
further  invasion  prevented  by  fixation  in  this  situa- 
tion. On  the  other  hand  v.  Bergmann  punctured  the 
lateral  ventricle  from  the  forehead,  drilling  into  the 
skull  at  a  point  close  to  and  a  little  to  the  median 
•  side  of  the  frontal  eminence,  and  introduced  into  the 
brain  a  long  hollow  needle  in  a  slightly  downward 
and  inward  direction  until  fluid  appeared. 

Keen  employs  for  the  purpose  a  lateral  approach, 
selecting  a  point  3  cm.  above  the  external  auditory 
meatus.  The  instrument  is  introduced  in  the  direc- 
tion toward  the  tip  of  the  opposite  external  ear,  and 
at  the  depth  of  5  cm.  the  ventricle  is  reached.  He 
was  able  to  make  through  and  through  lavage  of  both 
ventricles  after  simultaneous  bilateral  puncture  in 
this  situation.  Neisser  reaches  the  anterior  horn  at  a 
depth  of  2-5  cm.  through  the  frontal  lobe  from  F,  (Fig. 
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53).  From  P  and  Occ  the  lateral  ventricle  is  reached 
at  the  depth  of  3  cm.  from  the  surface  of  the  brain. 
Pathological  accumulation  of  liquid  may  be  suffi- 
ciently large  to  dilate  the  ventricle  to  a  considerable 
extent,  indeed,  in  some  instances,  the  dilatation  is 
sufficiently  great  to  thin  out  the  walls  of  the  ventricle, 
giving  the  brain  the  appearance  of  a  full  bladder. 
Under  these  conditions  puncture  at  almost  any  point 
on  the  calvarium  achieves  the  purpose.  In  some 
cases  of  moderate  hydrocephalus  internus  I  have 
found  it  convenient  to  puncture  immediately  above 
the  transverse  sinus,  about  2  cm.  above  the  external 
occipital  protuberance,  in  the  horizontal  level,  enter- 
ing the  cavity  either  directly  forward  or  slightly 
upward  and  forward.  In  this  way  the  posterior 
horn  is  invaded.  Drainage  of  the  lateral  ventricle 
may  also  be  accomplished  in  this  manner. 

In  the  case  of  a  girl  (aged  eighteen),  a  tumor  of 
the  cerebellum  had  been  simulated  by  an  enormous 
kyphos  of  the  base  of  the  skull.  (Observation  VII, 
9.)  When  the  twb  cerebellar  hemispheres  were 
exposed  the  tentorium  bulged  strongly  downward. 
A  scalpel  was  carried  horizontally  through  the  dura 
mater  immediately  above  the  left  transverse  sinus, 
and  pushed  on  into  the  lateral  ventricle.  A  consid- 
erable quantity  of  clear  fluid  was  at  once  discharged. 
A  drain,  the  thickness  of  a  lead  pencil,  was  carried 
along  the  knife  blade  and  introduced  into  the  pos- 
terior horn  of  the  ventricle.  This  step  was  followed 
by  a  copious  discharge  of  fluid  (estimated  at  200 
cm1.).  The  patient  collapsed  as  the  result  of  the 
sudden  lowering  of  brain  pressure,  but  reacted 
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prompt  K  after  the  head  \va.s  lowered.  Now  as  the 
intracranial  tension  was  reduced  the  cerebellum 
could  be  readily  inspected  on  all  sides  and  to  a  con- 
siderable extent  inward.  No  pathological  alteration 
became  manifest,  and  the  writer  was  forced  to  be 
content  with  the  ventricular  drainage.  The  dural 
flap  was  sutured  into  place  on  both  sides  with  catgut, 
and  the  superficial  wound  closed  with  silk  sutures 
except  for  the  point  of  emergence  of  the  drain. 

After  the  operation  the  patient  recovered  with 
amazing  rapidity.  During  application  of  the  dress- 
ing the  pulse  rate  was  120  per  minute  and  the  quality 
good.  A  few  hours  later  she  answered  questions 
and  partook  of  large  quantities  of  water  without 
vomiting.  No  paralysis  of  motion  or  sensation 
occurred.  In  the  evening  the  pulse  was  full,  tem- 
peratuie  36.7,  the  same  as  the  day  before  the  opera- 
tion. The  further  behavior  of  the  case  may  be  found 
in  the  clinical  history. 

In  accord  with  the  measurements  of  Lannelongue 
and  Mauclaire,  puncture  of  the  inferior  horn  in  chil- 
dren between  the  ages  of  two  to  fourteen,  should  be 
made  above  the  external  auditory  meatus  on  a  line 
running  from  the  process  marginalis  of  the  zygoma 
horizontally  backward,  parallel  with  the  sagittal 
level  to  a  little  above  the  external  occipital  protu- 
berance. The  inferior  horn  may  also  be  reached  at 
T,  and  T,  (Neisser.  Fig.  53),  at  the  depth  of  3  cm. 
from  the  cortex. 

Puncture  of  the  Fourth  Ventricle 

the  writer  has  performed  twice,  but  only  after  both. 
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cerebellar  hemispheres  had  been  exposed  at  the  mid- 
dle portion  (Fig.  57)  in  one  instance,  and  in  the 
other  after  an  entire  lobe  (Fig.  58)  together  with  the 
occipital  sinus  had  been  exposed.  The  puncture  was 
made  exactly  at  the  angle  of  the  inverted  Y(^I)  formed 


Fig.  57 
Arch  of  Atlas 

by  the  dura  at  the  junction  of  the  cerebellum  and  the 
medulla  oblongata  (point  1  on  both  figures),  and  the 
instrument  introduced  in  the  sagittal  level  in  a  for- 
ward direction  at  an  angle  of  45  degrees  upward, 
advancing  carefully  and  slowly  until  liquid  flowed 
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from  the  canula.  In  this  way  the  cover  of  the  fourth 
ventricle  is  perforated;  however,  the  important  nuclei 
on  its  floor  are  not  invaded.  In  both  cases  no  unfa- 
vorable outcome  attended  the  punctures;  on  the  con- 
trary a  desirable  influence  on  the  brain  pressure 
resulted  in  each  instance. 

Subcutaneous  Permanent  Drainage  of  the 
Ventricles 

If  the  tube  draining  the  ventricle  is  permitted  to 
emerge  upon  the  skin,  the  persistent  drenching  of  the 
dressings   with   fluid   makes  prevention  of  infection 
quite  difficult.     This  may  be  prevented,  perhaps,  if 
the  drainage  be  maintained  for  several  weeks,  and 
great  care  in  the  treatment  be  observed.     In  one  in- 
stance of  a  male  patient  (aged  twenty-nine),  who  pre- 
sented severe  symptoms  of  intracranial  pressure  due 
to  hydrocephalus  internus,  I  made  drainage  from  the 
temporal  lobe.    'The  tube  functioned  very  well  for 
six  weeks,  the  symptoms  moderated,  the  discharged 
fluid  was  clear  until  death  supervened,  and  was  found 
free  from  bacteria  after  repeated  careful  examina- 
tions, which  included  attempts  at  cultivation  upon 
various    media.     However,    the    patient's    condition 
became  .materially  worse  during  the  eight  days  pre- 
ceding the  fatal  outcome,  though  this  was  not  accom- 
panied by  any  signs  of  meningitis.     Autopsy  sub- 
stantiated the  clinical  conception,  the  brain  showing 
only  hydrocephalic  changes. 

Death  as  the  outcome  of  septic  infection  is,  how- 
ever, the  more  frequent  history  in  these  cases  when 
drained  in  the  usual  way.  Broca  has  concluded 
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from  a  study  of  the  literature  that  children  with  open 
skull  sutures  all  die  when  ventricular  drainage  is 
made ;  however,  he  reports  a  case  of  his  own  which 
recovered  as  the  result  of  prolonged  drainage.  G.  A. 


• 

Fig.  58 
Arch  of  Atlas 

Sutherland  and  Watson  Cheyne*  use  for  intracranial 
drainage  in  hydrocephalus  bundles  of  catgut,  which 
they  lead  from  the  ventricle  to  the  subdural  space. 
Nicholas  Senn'  used  for  the  same  purpose  a  thin  rub- 

>  Pedriatics,  No.  98,  1899. 

5  Subcutaneous  Drainage  in  the  Surgical  Treatment  of  Hydrocephalus 
Internus.  The  Alienist  and  Neurologist,  St.  Louis,  August,  1903.  Vol.  XXIV, 
No.  3. 


!'(!()  TlIK    SrUGKKY    OF   THE    BRAIN 

her  drain  which  is  intended  to  lead  the  fluid  from  the 
ventricle1  to  beneath  the  skin,  and  also  is  supposed  to 
make  elastic  pressure  on  the  skull. 

Miknlicz1  attempted  to  facilitate  the  outflow  of  the 
excess  of  fluid  in  the  ventricles  by  establishment  of  a 
permanent  connection  between  the  brain  cavities  and 
the  loose  connective  tissue  beneath  the  scalp.  The 
idea  was  to  lead  the  ventricular  fluid  into  tissue,  from 
which  absorption  would  take  place.  To  carry  out 
this  plan  he  employed  for  the  purpose  a  gold  tube 
2  cm.  in  length,  with  a  lumen  of  3  mm.,  attached  to 
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Fig.  59 

a  thin  oval  plate  1  \  by  2  cm.  in  width.  The  report 
of  this  procedure  did  not  obtain  wide  circulation,  as  I 
was  not  aware  of  it  when  I  made  the  attempts  described 
as  follows : 

The  writer  uses  for  the  purpose  a  thin-walled  gold- 
plated  silver  canula  about  2  mm.  in  diameter.  A 
small  flap,  consisting  of  skin  and  aponeurosis  only, 
measuring  2  cm.  at  its  base,  is  cut  over  the  site  of  the 
proposed  drainage.  The  periosteum  is  split  longi- 
tudinally and  pushed  aside.  The  skull  is  perforated 
with  the  drill  (Fig.  59),  which  is  2  mm.  in  diameter, 
and  is  the  same  as  I  use  for  puncture.  Injury  to  the 
dura  is  avoided.  The  canula  is  telescoped  over  a 
hollow  needle  which  it  fits  snugly,  and  carried  through 

1  A.  Henle,  Beitrag  zur  "  Pathologie  und  Therapie  des  Hydrocephalus." 
"  Grenzgebiete  der  Medizin  und  Chirurgie  I."  1896.  Seite  26.  Henle, 
Ventrikeldrainage.  "  Grenzgebiete  der  Medizin  und  Chirurgie,"  1897.  Bd.  I, 
Seite  264. 
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the  dura  and  into  the  brain  toward  the  ventricle  or 
horn  beyond  until  fluid  flows  from  the  distal  end  of 
the  instrument.  The  perforating  instrument  is  car- 
ric.l  onward  an  additional  i  cm.  and  firmly  held, 
while  the  needle  is  withdrawn  and  a  strong  steel 
stylet  (knitting  needle)  is  introduced  into  the  canula. 
An  incision  is  now  made  into  the  canula  at  a  point 
1  cm.  distal  from  the  level  of  the  bone,  employing  a 
bone  forceps  for  the  purpose.  The  steel  staff  is 
withdrawn  and  the  tube  broken  off  at  the  site  of  the 
incisure.  The  protruding  end  of  the  canula  is  then 
slit  with  a  fine  scissors  at  its  two  lateral  aspects  down 
to  the  level  of  the  bone,  and  the  two  silver  tongues 
thus  obtained  are  bent  outward  until  they  lie  in 
intimate  contact  with  the  surface  of  the  contiguous 
bone.  This  measure  prevents  the  canula  from  ad- 
vancing farther  into  the  brain.  To  prevent  its 
expulsion  the  periosteum  is  postured  over  the  two 
tongues  of  the  canula  and  fastened  with  a  few  fine 
catgut  sutures,  so  as  to  leave  the  lumen  free. 

Light  pressure  upon  or  a  slight  withdrawal  of  the 
canula  will  demonstrate  whether  it  is  efficiently 
situated,  and  this  should  be  tested  before  the  instru- 
ment is  fastened  in  place.  A  slender  probe  is  passed 
through  the  canula  to  assure  its  patency,  after  which 
the  scalp  flap  is  replaced  and  accurately  sutured. 
The  canula  opens  into  the  subcutaneous  tissue  and 
does  not  come  in  contact  with  the  suture  line.  It  may 
be  permitted  to  remain  in  situ  for  months  if  no  indi- 
cation to  the  contrary  is  manifested.  I  cannot  now 
state  anything  positively  with  regard  to  the  length  of 
time  drainage  should  be  maintained.  When  the 
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ceases  to  give  egress  to  fluid  it  may  be  re- 
moved. As  this  is  readily  accomplished  through  a 
.simple  incision,  it  is  hardly  necessary  to  use  an  ab- 
sorhi.blo  metal  like  magnesium  for  the  purpose. 

At    first   the   ventricular   fluid   oozes   through   the 
stitch  holes,  but  after  a  time  the  wound  closes  and 


Fig.  60 

Seven-year-old  boy  with  hydrocephalus,  thirty  days  after  sub- 
cutaneous drainage  of  the  right  lateral  ventricle  through  the 
parietal  lobe.  The  circumference  of  the  skull  had  reduced  from 
55  to  52  cm.  The  fluctuating  bleb  over  the  right  parietal  bone 
could  be  emptied  by  pressure  and  the  bent  tongues  of  the  canula 
were  then  palpable,  under  the  periosteum.  The  bleb  measured 
40  mm.  in  diameter,  and  was  elevated  25  mm.  above  the  bone. 

the  fluid  accumulates  in  the  subcutaneous  tissue, 
causing  an  oedema,  or  a  bleb  (Fig.  60)  is  formed,  and 
the  fluid  is  absorbed.  If  drainage  of  the  lateral  ven- 
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tricle  is  made  in  the  temporal  region  the  eyelid  on  the 
same  side,  or  both,  becomes  oedernatous  and  swollen. 
This  disappears,  however,  in  a  few  days.  This  oc- 
currence may  be  repeated  at  intervals  showing  that 
the  fluid  is  flowing  from  the  cavity.  When  the  ven- 
tricle contracts,  the  canula  may  become  obstructed 
by  the  collapsing  brain  tissue.  In  these  instances 
fluid  slowly  escapes  beside  the  canula;  however,  the 
diminution  in  the  rate  of  flow  is  not  undesirable  at 
this  time. 

The  position  of  the  tube  in  the  ventricle  is  shown 
in  Fig.  61.  A  youth  of  twenty-six,  who  presented 
symptoms  of  general  cerebral  pressure,  together  with 
clonic  spasm  of  the  face,  had  been  under  the  obser- 
vation of  S.  Placzek  for  several  months,  under  suspi- 
cion of  a  lesion  in  the  anterior  central  region.  Pro- 
longed specific  treatment  and  the  serum  treatment 
used  in  the  Wassermann  institute  did  not  improve  the 
conditions.  Trephining  was  done,  but  no  lesion 
beyond  an  oedematous  infiltration  of  the  arachnoid 
was  revealed.  Puncture  of  the  ventricle  caused  the 
discharge  of  so  large  a  quantity  of  fluid  that  I  made 
permanent  drainage  of  that  cavity.  The  patient's 
condition  did  not  improve,  and  a  fatal  outcome  fol- 
lowed six  days  later.  The  autopsy  (Oestreich)  re- 
vealed an  extensive  gummatous  basilar  meningitis. 
After  hardening  of  the  specimen  a  frontal  section 
along  the  tube  was  made.  The  section  (Fig.  61) 
shows  the  canula  in  the  quite  collapsed  ventricle, 
while  the  other  lateral  and  the  third  ventricle  are 
considerably  dilated. 

I  have  made  permanent  drainage  of  the  lateral 
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ventricle  three  times,  for  chronic  hydrocephalus,  from 
the  parietal  bone,  or  from  the  temporal  bone,  and 
once  from  the  upper  portion  of  the  squama  of  the 
occipital  bone  entering  the  posterior  horn,  in 
this  NV  ay,  in  order  to  avoid  injury  to  the  motor  region. 
This  case  1  would  like  to  submit  as  an  example. 
After  the  scalp  flap  and  periosteum  had  been  sec- 


Fig.  61 

tioned,  the  skull  was  drilled  and  the  canula  intro- 
duced on  a  horizontal  plane  running  3  to  4  cm.  above 
the  line,  connecting  the  external  occipital  protuber- 
ance and  the  upper  edge  of  the  auditory  meatus  at  a 
point  7|  cm.  backward  from  the  attachment  of  the 
external  ear  and  5  J  cm.  from  the  sagittal  line,  in  order 
to  avoid  the  occipital  pole.  The  canula  was  ad- 
vanced horizontally  forward,  a  little  obliquely  down- 
ward and  inward,  and  at  the  depth  of  55  mm.  from 
the  surface  of  the  bone  ventricular  fluid  was  dis- 
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charged,  which  spurted  out  in  a  quite  forcible  stream. 
The  case  was  that  of  a  boy  (aged  five)  who  showed 
normal  development  until  the  second  year  of  life, 
when  retrograde  symptoms  became  manifest.  The 
attendants  regarded  the  condition  the  outcome  of  in- 
flammation of  the  brain  and  meninges.  At  the 
fourth  year  the  boy  was  idiotic,  and  passed  the  urine 
and  feces  involuntarily.  The  general  development, 
with  the  exception  of  the  head,  was  normal. 

Examination  revealed  a  marked  hydrocephalus 
with  open  fontanelles.  The  circumference  of  the 
head  measured  57  cm.  The  rest  of  the  body  was 
normally  developed,  and  no  evidence  of  disease  in 
other  situations  was  discovered.  The  standing  posi- 
tion was  maintained  with  assistance,  locomotion 
occurred  with  ataxic  forward  projection  of  the  legs. 
The  child  had  been  timid  and  nervous  since  the  be- 
ginning of  the  affliction.  Sleep  was  restless.  Beyond 
moderate  bilateral  choked  disk  no  special  symptoms 
presented.  On  October  1st,  1907,  I  made  permanent 
drainage  at  the  posterior  horn.  The  child  has  now 
worn  the  canula  for  nine  months  (July,  1908),  and 
no  evidence  of  irritation  at  the  site  of  the  operation 
has  appeared.  During  the  first  weeks  following  the 
operation,  a  bleb  presented  at  the  posterior  segment 
of  the  head  which  was  varyingly  tense  and  limp. 
Since  February  this  has  disappeared.  Written  com- 
munications inform  me  that  the  boy's  general  con- 
dition is  much  improved,  the  head  measures  52  cm. 
in  circumference.  The  mental  state  is  much  clearer, 
and  what  is  of  importance,  the  need  of  discharge  of 
the  excretions  is  announced  permitting  of  cleanliness. 
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Tliis  case  shows  that,  if  carried  out  as  described, 
permanent  drainage  may  be  maintained  for  a  long 
time,  and  that  the  canula  may  be  permitted  to  remain 
///  .V//M  without  causing  any  disturbances.  In  this 
regard,  at  least,  the  measure  is  not  objectionable. 
As  to  cure  in  so  short  a  time,  this  is,  of  course,  out 
of  the  question.  It  will  require  the  lapse  of  years 
before  an  opinion  may  be  offered  in  this  connection. 
It  is  also  not  possible  to  state  at  this  time  whether 
the  canula  is  still  functionating,  at  the  end  of  several 
months,  or  if  it  might  not  be  best  to  introduce  another 
tube  at  some  other  place.  This  case  is  reported  thus 
incompletely  for  the  purpose  of  showing  that  the 
measure  is  devoid  of  danger. 

Whether  the  measure  is  applicable  to  cases  of 
acute  hydrocephalus  the  future  must  decide. 
The  only  child  I  operated  on  for  this  condition  died. 
The  boy  (four  months  of  age)  twelve  days  after  a 
normal  labor  developed  a  high  fever  and  rigidity  of 
the  back  of  the  neck  which  led  to  a  diagnosis  of 
"tuberculous  meningitis."  At  the  end  of  three  weeks 
the  general  condition  improved,  but  four  weeks  later 
the  head  began  to  increase  in  size,  and  the  child 
became  totally  unconscious.  When  I  saw  the  little 
patient  the  condition  was  one  of  acute  hydrocephalus, 
the  circumference  of  the  head  measuring  56  cm.  The 
ophthalmoscope  showed  pale  disks  and  dilated  veins. 
The  suture  areas  were  widened  and  the  veins  of  the 
scalp  were  tensely  engorged.  I  selected  the  left 
temporal  region  for  introduction  of  the  canula. 
After  making  a  small  skin  flap  near  the  upper  edge 
of  the  squamous  plate  of  the  temporal  bone  the  thin 
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muscle  came  into  view.  The  muscle  and  periosteum 
were  split  vertically  and  pushed  aside  and  the  bone 
drilled.  The  dura  was  very  tense  and  did  not  pul- 
sate. The  entering  canula  caused  discharge  of  a 


Fig.  62 

Subcutaneous  Permanent  Drainage  of  Posterior  Horn 

Child  (aged  5)  operated  upon  October  1st,  1907.       Radiagraph 

taken  March,  1908 

liberal  stream  of  clear  fluid  when  the  depth  of  3  cm. 
was  reached. 

At  first  the  course  of  the  case  was  exceedingly 
favorable,  the  temperature  remained  normal,  the 
general  condition  was  good,  and  intelligence  im- 
proved to  a  remarkable  extent.  On  the  third  day 
the  circumference  of  the  head  measured  53  cm.,  and 
the  veins  of  the  scalp  were  no  longer  engorged. 
Fluid  trickled  from  the  edges  of  the  scalp  flap  in 
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moderate  quantity,  and  the  subcutaneous  tissue, 
including  the  upper  eyelids,  were  cedematous.  Three 
d;ivs  later  the  dressing  was  soaked  with  fluid  and 
\\a>  changed.  The  wound  had  healed  except  for 
the  >titch  holes  which  latter  permitted  of  the  dis- 
charge of  fluid.  Eight  days  after  the  operation  gen- 
eral convulsions  occurred,  and  the  head  measured 
5-2  cm.  in  circumference.  The  wound  showed  no 
reaction,  but  nevertheless  it  was  bluntly  opened  and 
the  canula  (4  cm.  in  length)  removed.  At  once  a 
large  quantity  of  fluid  was  discharged.  Microscopi- 
cal examination  showed  the  fluid  to  be  sterile.  The 
convulsions  continued,  however,  and  the  next  day 
the  child  died.  Autopsy  was  not  permitted. 

Despite  this  unfavorable  outcome  it  does  not  seem 
to  the  writer  to  be  fair  to  condemn  the  measure  in 
cases  of  acute  hydrocephalus.  It  is  to  be  borne  in 
mind  that  acute  as  well  as  chronic  hydrocephalus 
frequently  enough  do  not  represent  a  disease  sui 
generis,  and  may  be  a  complication  of  a  localized 
affection,  as  for  instance  solitary  tubercle  or  tumor, 
which  because  of  the  absence  of  local  symptoms  has 
not  been  recognized.  In  this  case  drainage  does  not  do 
any  good,  as  it  only  controls  the  dominant  symptoms. 

Employment  of  the  measure  comes  under  consid- 
eration in  acute  accumulations  of  fluid,  which  occur 
in  the  ventricles,  in  inflammatory  processes  such  as 
tuberculous  basilar  meningitis,  and  cerebrospinal 
meningitis.  W.  Schulz  reports  favorable  effect  fol- 
lowing ventricular  puncture  upon  the  rigidity  of  the 
neck,  in  cases  of  epidemic  meningitis,  though  this  was 
only  temporary  in  character. 
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Permanent  Drainage  with  Ossified 
Sutures 

Another  «|iiestion  arising  in  this  connection  is  that 
of  whether,  in  instances  in  which  the  sutures  have 
closed.  ('.  c..  with  still',  unyielding  encasement,  the 
estal)lishinent  of  permanent  drainage  suffices,  or.  if 
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Suheutaneous  1'onnanent  Drainage  of  I-ateral  N'entricle 
with  Formation  of  Vent. 

in  order  to  rapidly  reduce  the  intracranial  pressure 
the  formation  of  an  o|)enin£  in  the  skull  should  he 
also  made.  1  have  done  this  in  a  prl  of  sixteen.  As 
the  clinical  manifestations  pointed  to  a  lesion  in  the 
riijht  central  region,  in  addition  to  hydrocephalus. 
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the  motor  area  was  exposed  in  the  usual  manner. 

No  lesion  was  found.     The  ventricle  was  punctured 

at  a  depth  of  28  mm.  from  the  cortex  at  a' point  in 

the  upper  portion  of  the  arm  center.     The  canula 

was  not  attached  through  a   new  drill  opening,  but 

was  permitted  to  emerge  through  the  anterior  bone 

section.     The  periosteum  to  either  side  of  the  bone 

section  was  drawn  over  the  two  tube  tongues  and  held 

with  two  catgut  sutures.     The  canula  did  not  cause 

any  irritation,  and  has  been  in  situ  for  five  months. 

The  radiograph    (Fig.   63)   taken  eight  weeks   after 

the  operation,   shows  the  tube   and   the  light  strip 

around  the  bone  flap  which  denotes  where  the  bone 

was  removed  to  allow  of  additional  vent. 

In  this  case  the  dura  was  opened  for  the  purpose 
of  examining  the  cortex  of  the  brain.     As  supple- 
mentary to  the  permanent  drainage  it  would  have 
been  sufficient  to  remove  a  strip  of  bone  and  perios- 
teum 1  cm.  in  width  surrounding  the  bone  flap.     The 
dura  then  conforms  to  the  reduction  of  space  result- 
ing from   the   emptying   of  ventricular  fluid.     The 
intradural  pressure  reduces  as  soon  as  the  fluid  is 
removed.     This  factor  renders  the  mechanical  con- 
ditions quite  different  from  those  which  obtain  in 
the  decompression  trephining  for  inoperable   brain 
tumors.     Judging  from  the  writer's  experience,   no 
lasting  benefit  arises  if  the  dura  is  not  opened  in  these 
cases,  as  the  growth  of  the  tumor  progressively  in- 
creases the  intradural  pressure  and  makes  the  dura 
correspondingly  more  tense.     In  hydrocephalus  inter- 
nus   the  dura    contracts   in    accord    with     quantity 
of  fluid  expelled,  and,  indeed,  in  some  instances,  when 
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the  limit  of  its  elasticity  has  been  reached,  arranges 
itself  in  folds,  as  I  have  frequently  observed  during 
operations.  The  measures  employed  for  permanent 
decompression  have  been  used  for  too  short  a  period 
of  time  to  permit  of  positive  conclusions  regarding 
their  utility.  My  experience  would  lead  me  to  be- 
lieve them  worthy  of  trial.  I  illustrate  the  proposi- 
tion in  the  following  way: 

The  patient,  a  man  (aged  twenty-eight),  presented 
the  picture  of  severe  intracranial  pressure  without 
any  local  symptoms  of  a  localized  lesion.  In  view 
of  the  fact  that  ataxia  had  been  a  dominant  symptom 
the  trephining  operation  was  performed  over  the 
right  cerebellar  lobe,  the  opening  being  made  to 
extend  beyond  the  median  line  to  the  left  and  upward 
beyond  the  transverse  sinus  with  the  intention  of 
opening  the  dura  at  a  second  sitting,  for  the  purpose 
of  examining  the  brain  itself.  The  trephining  opera- 
tion was  not  followed  by  improvement  of  the  symp- 
toms, and  ten  days  after  the  first  operation  the  ex- 
posed dura  was  punctured  and  the  posterior  ven- 
tricular horn  tapped.  The  ventricular  fluid  escaped 
in  a  rather  forcible  stream.  The  patient's  general 
condition  was  too  much  impaired  to  warrant  exten- 
sive operative  interference,  and  in  order  to  achieve 
decompression  with  the  least  trauma  I  made  a  drill 
opening  in  the  parietal  region  and  established  per- 
manent subcutaneous  tube  drainage.  At  the  end  of 
eight  days  the  improvement  in  the  general  condition 
was  so  marked  as  to  render  additional  interference 
unnecessary. 
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Ventricular  Tapping  as  a  Preparatory 
Operation 

The  formation  of  a  vent  in  the  skull  comes  under 
consideration   together   with   ventricular   tapping   in 
cases  of  brain  tumor,  in  which  the  accumulation  of 
fluid  in  the  cavities  of  the  brain  is  so  great  as  to  con- 
stitute in  itself  a  menace  to  life.     After  unburdening 
the   brain,    when   the   menacing   manifestations    are 
lessened,  the    final  extirpation  may  be  undertaken 
under   much    more   favorable   conditions.     Whether 
simple  puncture  or  the  introduction  of  the  silver  tube 
should  be  executed,  the  future  must  decide.     I  have 
seen  a  life-saving  amelioration  of  the  conditions  fol- 
low simple  puncture.     A  young  man  (aged  eighteen) 
had  been  sent  to  the  writer  by  H.  Oppenheim  with  a 
probable  diagnosis  of  tumor  cerebelli    dextri.      The 
first  stage  of  the  operation  was  to  be  attempted  while 
the  patient  was  in  the  sitting  posture.     After  a  few 
whiffs  of  chloroform  had  been  taken  pulse'  and  respi- 
ration ceased,  making  necessary  artificial  respiration 
and  cardiac  massage.     The  operation  was  now  under- 
taken with  the  patient  in  the  left  lateral  position  with 
the  head  lowered.     As  asphyxia  occurred  again  the 
ventricle  was  punctured  3  cm.  to  the  right  of  the 
bregma.     About   30   cm3,    of   clear   fluid    were    dis- 
charged, at  first  in  a  stream,  later  in  rapidly  falling 
drops.     Pulse  and  respiration  improved  at  once.     It 
was  now  possible  to  expose  by  the  osteoplastic  method 
the  right  cerebellar  hemisphere,  the  occipital  sinus,  a 
part  of  the  left  hemisphere  and  the  pole  of  the  right 
occipital  lobe,  under  light  chloroform  narcosis  with- 
out further  disturbance.     The  dura  was  devoid  of 
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pulsation.  To  achieve  additional  decompression  the 
posterior  horn  was  punctured  above  the  transverse 
sinus  and  about  40  cm3,  of  fluid  withdrawn,  which, 
in  this  situation  also  came  forth  with  considerable 
force  in  the  form  of  a  stream,  ending  in  rapidly  falling 
drops.  After  this  the  dura  over  the  cerebellum  and 
occipital  lobe  pulsated  plainly.  The  pulse  became 
irregular  for  a  time,  bu't  soon  steadied. 

Judging  from  my  other  experiences  I  do  not  think 
that  in  view  of  the  patient's  serious  condition,  the  ex- 
tensive trephine  operation  could  have  been  performed 
without  the  preliminary  decompression  measures.  The 
immediate  subsequent  behavior  of  the  case  was  very 
satisfactory.  Eleven  days  after  the  operation  H. 
Oppenheim  found  that  all  the  severe  symptoms 
had  disappeared  or  were  largely  improved,  in- 
deed, the  choked  disk  had  moderated  consider- 
ably. 

In  a  case  of  cerebello-pontian  tumor  (male,  aged 
forty-six),  I  was  able  to  relieve  a  severe  intracranial 
pressure,  after  completing  the  first  stage  of  the  opera- 
tion, by  simple  puncture  of  the  subdural  space.  The 
measure  was  followed  by  the  discharge  of  a  large 
quantity  of  fluid  which  was  manifestly  under  great 
pressure,  and  an  effective  lessening  of  the  brain  com- 
pression symptoms  obtained. 

Contrary  to  my  usual  custom  I  offer  the  methods 
just  described  before  a  positive  conclusion  regarding 
their  utility  is  possible.  However,  they  seem  rational 
to  me  and  are,  no  doubt,  serviceable  in  lessening  the 
dangers  of  brain  operations. 
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Lumbar  Puncture 

The  Quincke  method  opens  the  subarachnoid  space 
with  a  hollow  needle  at  the  lower  portion  of  the  clural 
sac.  The  discharged  cerebrospinal  fluid  may  be 
subjected  to  chemical,  bacterial  and  microscopical 
examinations,  also  when  the  canula  is  connected  with 
the  water  or  mercury  manometer,  the  pressure  of  the 
fluid  may  be  measured. 

AVhen  the  diagnosis  of  brain  tumor  has  been  made, 
removal  of  the  fluid  by  lumbar  puncture  must  be 
avoided.  Increase  of  brain  pressure  has  occurred 
simultaneously  with  this  seemingly  unimportant 
measure,  and  death  has  resulted.  We  will  see  later 
how  firmly  the  medulla  oblongata,  and  especially 
the  walls  of  the  fourth  ventricle,  may  be  forced  into 
the  foramen  magnum  when  the  intracranial  pressure 
is  raised.  A  sudden  decompression  of  the  spinal 
canal,  as  obtains  with  lumbar  puncture,  may  cause 
these  vital  centers  to  be  still  more  forcibly  crowded, 
and  their  function  be  endangered.  Lowering  of  the 
head  does  not  constitute  a  safeguard  in  this  regard. 

This  does  not  apply  to  the  Kroenig  pressure  meas- 
uring procedure,  as  this  involves  only  the  withdrawal 
of  a  fraction  of  a  cubic  centimeter  of  fluid  which 
suffices  to  fill  the  requisite  glass  and  rubber  tube. 
In  the  instance  of  a  patient  (aged  twenty-seven)  who 
presented  severe  pressure  symptoms  without  local 
indications,  justifying  localization  of  a  lesion,  no  dis- 
turbances followed  the  employment  of  the  Kroenig 
pressure  measuring  apparatus.  The  instrument  indi- 
cated a  pressure  of  200  mm.  However,  as  soon  as 
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2  cm3,  of  fluid  were  withdrawn  for  diagnostic  exami- 
nation, the  patient  immediately  vomited,  went  into 
collapse  and  remained  unconscious  until  evening. 
The  next  morning  he  was  still  weak. 

In  another  case  (Observation  IV,  1)  the  lumbar 
puncture  was  also  followed  by  severe  symptoms.  It 
had,  however,  the  redeeming  feature  of  defining 
more  clearly  the  local  symptoms,  thus  permitting  of 
a  diagnosis. 

We  may  conclude  from  this  that  lumbar  puncture 
as  a  diagnostic  means  (its  therapeutic  value  does  not 
call  for  discussion  here)  should  only  be  employed 
when  determining  information  is  to  be  expected. 

In  the  adult  the  normal  pressure  with  the  patient 
in  the  supine  posture  equals,  according  to  Qnincke, 
40  to  60;  to  Kroenig,  100  to  150  mm.  of  water.  An 
increase  beyond  150  mm.  is  certainly  pathological. 
A  pressure  as  high  as  700  mm.  has  been  observed.  In 
children  the  figures  are  only  slightly  less.  The  ex- 
tent of  pressure  does  not  indicate  the  seriousness  of 
the  affliction.  In  this  regard  the  rapidity  with  which 
the  pressure  rises  is  of  indicative  value.  According 
to  Quincke,  moderate  rise  of  pressure,  together  with 
severe  pressure  symptoms,  indicate  an  acute  ex- 
acerbation, a  slight  rise  of  pressure,  a  chronic  afflic- 
tion. 

The  normal  cerebrospinal  fluid  is  water-clear,  of 
alkaline  reaction,  has  a  specific  gravity  of  1007,  and 
is  quite  free  from  cellular  elements.  It  contains  a 
little  albumin  (0.2  to  0.5  per  thousand),  and  a  small 
quantity  of  sugar.  Pathological  conditions  of  the 
central  nervous  system  are  expressed  by  cloudiness 
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of  the  fluid  and  the  presence  of  blood,  coagulated 
fibrin,  pus  and  micro-organisms 

The  oicNCiici"  of  lilood  may  originate  from  the 
puncture  of  a  vein.  This  may  be  avoided  if  the 
puncture  is  made  in  the  median  line  under  the  spi- 
nous  process  of  the  second  lumbar  vertebra,  rather 
than  when  the  oblique  puncture  from  the  side  is  em- 
ployed. Blood  which  comes  from  a  punctured  blood- 
vessel coagulates  much  more  rapidly  than  when  it  is 
mixed  "'ith  the  fluid.  When  the  specimen  is  cen- 
trifuged  a  yellowish  color  of  the  blood  would  indicate 
that  the  hemorrhage  occurred  before  the  puncture 
wras  made.  From  a  pathological  viewpoint  the  pres- 
ence of  blood  may  indicate  hemorrhage  from  the 
meshes  of  the  arachnoid  above  the  point  of  puncture 
—the  quantity  of  blood  is  then  small — or  arise  from 
a  cerebral  hemorrhage  which  has  broken  into  the 
ventricle.  Hartmann  (Graz)  in  two  cases  of  hemor- 
rhage into  the  brain  cavities,  withdrew  by  means  of 
lumbar  puncture  moderate  quantities  of  blood  which 
did  not  coagulate.  On  the  ground  of  this  finding  in 
one  case  he  withdrew  a  large  quantity  of  blood  from 

• 

the  ventricles  by  lumbar  puncture  achieving  an 
amazingly  favorable  influence  on  the  brain  symp- 
toms. 

When  the  puncture  fluid  is  left  standing  a  coagu- 
lum  separates  when  inflammation  is  present.  This 
does  not  occur  in  cases  of  chronic  hydrocephalus  and 
with  obstruction  transudate  from  brain  tumors. 
Cloudiness  of  the  fluid  occurs  occasionally  with  tuber- 
culous meningitis,  and  is  quite  constantly  present 
with  purulent  inflammation  of  the  meninges.  If  it 
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be  absent  in  the  latter  cases,  the  presence  of  a  large 
number  of  cells  in  the  fluid  justifies  the  conclusion 
that  pus  is  present.  The  presence  of  large  numbers 
of  polynuclear  cells  argues  for  purulent  cerebro- 
spinal  meningitis,  domination  of  lymphocytes  speaks 
for  tuberculous  meningitis. 

Quinckes  puncture  is  of  value  in  differentiating 
brain  abscess  from  purulent  meningitis;  if  the  fluid 
contains  pus  or  pus  corpuscles  which  cloud  it,  the 
diagnosis  of  purulent  meningitis  is  certain;  if  the 
fluid  is  clear  and  shows  no  abnormality  upon  micro- 
scopical examination,  abscess  of  the  brain  may  be 
present,  or  at  least  a  purulent  inflammation  which  is 
restricted  to  the  membranes  of  the  cranial  cavity. 

Characteristic  tumor  cells  from  malignant  growths 
of  the  central  nervous  system  have  been  occasionally 
discovered.  In  a  few  instances  portions  of  cysticercus 
and  echinococcus  have  been  found.  Microscopically 
the  presence  of  streptococci,  pneumococci,  meningeal 
cocci  and  tubercle  bacilli  may  be  demonstrated. 

The  presence  of  albumin  in  considerable  quantity 
argues  against  simple  hydrocephalus.  Traces  of 
albumin  would  indicate  an  inflammatory  or  tubercu- 
lous meningitis;  also,  it  renders  improbable  the 
existence  of  a  transudatory  exudate  from  brain 
tumor. 


Radiography 

In  discussing  newer  methods  of  examination, 
radiography  should  be  included.  Above  all  other 
means  of  diagnosis  it  furnishes  the  most  useful  in 

Tumors  with  Calcareous  or  Bony  Deposits 

as,  for  instance,  in  exostosis.  If  the  neoplasm  has 
its  origin  from  the  lamina  vitra  and  grows  toward 
the  cranial  cavity,  its  recognition  by  means  of  the 
X-ray  is  an  easy  matter.  However,  when  exostoses 
originate  at  the  base  of  the  skull,  and  reach  a  certain 
size,  they,  too,  will  throw  a  shadow  on  the  plate 
which  may  permit  of  a  diagnosis  being  made.  Figs. 
a  and  b,  on  Plate  XXV,  show  the  shadows  of  an 
enormous  osteoma  of  the  right  frontal  region  which 
has  grown  in  both  inward  and  outward  directions. 
Fig.  a  is  taken  from  the  forehead;  Fig.  b  from  the 
diseased  side. 

Tumors  of  the  Hypophesis 

may  dilate  the  sella  turcica.  //.  Oppenheim,  in  1899, 
called  attention  to  the  fact  that  this  dilatation  can  be 
depicted  on  the  Roentgen  plate,  made  of  the  base  of 
the  skull  and  aid  in  the  diagnosis.  However,  hydro- 
cephalus  may  cause  enlargement  of  the  Turkish  sad- 
dle, owing  to  dilatation  of  the  third  ventricle,  so  the 
diagnosis  will  rest  largely  upon  the  appearance  of 
acromegaly.  Gummatous  process  in  the  region  of 
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the  chiasm  must  be  taken  into  consideration  in  mak- 
ing a  differential  diagnosis.  A.  Schueller  calls  atten- 
tion to  the  thinning  and  bowing  forward  of  the  dor- 
sum  sellse  when  a  tumor  of  the  pituitary  body  is 
I -resent.  The  plate  of  bone  lies  then  on  top  of  the 
neoplasm.  At  times  the  entrance  to  the  saddle  is 
widened  and  the  cavity  appears  more  shallow. 

According  to  Schlofter'.s  observations  (page  126), 
too  much  importance  must  not  be  given  to  the  ap- 
pearance of  the  anterior  and  posterior  clenoid  proc- 
ess of  the  saddle  dorsum  as,  although  the  entrance 
to  the  saddle  may  be  enlarged,  the  tumor  may  grow 
beyond  these  in  an  upward  direction. 

Schuetter  reports  an  instance  of  calcareous  aneurysm 
of  the  internal  carotid  which  destroyed  the  body  of 
the  sphenoid  bone.  This  threw  a  convex  shadow 
line  on  the  plate,  the  result  of  calcareous  deposit  in 
its  dorsal  wall.  In  the  same  way  caries  of  the  sphe- 
noid, secondary  to  disease  in  contiguous  bones  or 
cavities,  or  the  destruction  of  bone  due  to  invading 
tumors  of  the  base  of  the  skull  would  be  recognized. 

Interpretation  of  the  Roentgen  plate  must  be  care- 
fully made.  The  fact  that  the  plate  is  of  some  dis- 
tance from  the  Turkish  saddle  influences  very  largely 
the  conformation  of  the  shadow.  Each  turn  of  the 
head  on  its  vertical  axis  alters  the  picture  of  the  cav- 
ity, and  when  to  this  is  added  the  fact  that  in  acro- 
megaly  an  enlargement  and  thickening  of  the  skull 
is  present,  it  is  easy  to  see  that  an  accurate  picture 
of  the  contour  of  the  base  of  the  skull  is  not  easily 
obtained.  The  shadow  should  be  compared  with 
that  of  the  normal  skull,  and  exposures  should  be 
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made  at  stated  intervals  in  order  to  observe  the  exten- 
sion of  the  pathological  process.  The  examination 
may  he  regarded  as  associated  with  great  difficulties. 
In  a  not  inconsiderable  number  of  instances  we  have 
assumed  widening  of  the  sella  turcica,  in  which 
autopsy  revealed  the  contrary. 

The  distance  between  nasion  and  the  anterior  wall 
of  the  Turkish  saddle  is,  as  accentuated  by  Schlofier, 
quite  accurately  determined  by  means  of  a  radio- 
graph, a  fact  of  importance  when  operative  attack, 
especially  from  the  nose,  is  contemplated. 

Radiography  of  the  skull  is  of  service  in  other 
regards.  The  growth  of  tumors  causes  secondary 
changes  in  the  calvarium  such  as  atrophy 
and  pressure  destruction  with  thinning  of  the  bones 
and  separation  of  the  sutures.  When  the  latter  are 
already  united  their  separation  is  a  genuine  bursting, 
which  usually  occurs  in  young  persons.  In  the  latter 
respect  I  have  jiad,  together  with  H.  Oppenheim, 
under  observation,  a  boy  of  sixteen,  and  obtained  a 
clear  photograph  which  is  reproduced  on  Plate  XXV 
(Fig.  c.)  (Observation  VII,  5,  already  mentioned, 
page  143).  This  was  a  case  of  large  sarcoma  in  the 
left  posterior  fossa  of  the  skull.  The  sutures  behind 
the  petrous  bone  appear  separated  several  milli- 
meters. 

In  this  connection  it  seems  proper  to  state  that  the 
cracked-pot  percussion  note  produced  on  some  skulls 
with  intracranial  tumors  may,  in  some  instances,  be 
ascribed  to  separation  of  sutures,  though  I  would  not 
like  to  be  regarded  as  offering  this  as  the  only  pro- 
ducing factor.  In  analogy  I  may  state  that  I  have 
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developed  the  sign  in  the  case  of  an  officer  (aged 
thirty-three),  who  had  a  fracture  of  the  skull  of  three 
months'  standing,  and  repeatedly  demonstrated  its 
presence  at  subsequent  examinations.  Cracked-pot 
percussion  note  is  frequently  obtained  in  hydro- 
cephalus. 

In  a  case  of  cystic  degeneration  of  a  large  sarcoma 
(Observation  VII,  3,  also  page  68,  Plate  VI,  a),  in  a 
boy  of  seven,  the  sagittal  suture  burst  asunder  and 
could  be  plainly  palpated  as  a  shallow  gutter. 

At  the  base  of  the  skull  rachitic  or  osteomalacious 
deformations,  which  Virchow  calls  kyphosis  of  the 
cranial  base,  may  occur.  A  severe  case  of  this 
sort  is  reported  in  Observation  VII,  9.  The  radio- 
graph will  reveal  these  peculiar  conditions;  also,  it 
will  make  recognizable  cartilaginous  union  or  de- 
layed ossification  of  the  basal  synchondroses.  (Syn- 
chondrosis  intersphenoidalis  and  spheno-occipitalis.) 

The  R<>i'iil(/cn  pictures  give  valuable  information 
when  the  bones  are  altered  as  the  result  of  syphilitic 
or  tuberculous  processes.  In  the  latter  affliction 
defects  in  various  forms  are  found,  at  times  appearing 
as  holes  or  excavations  of  considerable  magnitude. 
(Plate  XIII  and  XIV.)  An  unusually  large  tubercu- 
lous defect  is  shown  on  Plate  XXV,  d.  In  syphilis  the 
destructive  new  growth  of  bone,  periosteal  thicken- 
ing and  bone  hypertrophy,  which,  together  with 
excavating  defects  and  diffuse  osteoporosis,  give  to 
the  picture  of  the  skull  instead  of  the  normal  smooth 
outline  a  peculiar  hilly  appearance.  (Plate  XXV, 
Fig.  e.)  If  thickening  of  the  lamina  vitra  alone  oc- 
curs, that  is,  from  the  outer  layer  of  the  dura  mater, 
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the  cause  of  the  severe  pain  can  only  be  detected  by 
means  of  radiography.  Schueller  has  directed  atten- 
tion to  these  faets  and  also  to  the  asymmetry  of  the 
skull  found  in  epileptics,  which  is  restricted  to  the 
inner  surface  of  the  bones,  and  coulil  not  be  recog- 
nized in  any  other  way. 

As  far  as  injuries  to  the  skull  and  brain 
are  concerned  bullets  and  metallic  foreign  bodies  are 
easily  recognized  on  the  Roentgen  plate.  Their  loca- 
tion may  be  determined  with  considerable  certainty 
by  exposures  made  at  various  levels  and  in  several 
directions.  Fractures  are  of  importance  to  us  as 
their  presence  have  a  bearing  on  extradural  hema- 
tomata.  The  radiograph  shows  quite  clearly  linear 
fractures  which  are  near  the  plate  and  lie  vertically 
to  its  position.  Especially  do  fractures  of  the  calva- 
rium,  which  provoked  hematomata  from  involvement 
of  the  middle  menirigeal  artery,  come  into  consideration 
with  respect  to  contemplated  operative  measures  of 
relief. 

THE   END 
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